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A MON G 8. T7 the. different: 1 9 5 which. * d the: firſt. 
Mathematicians called Analyſts, I chuſe the following, as the moſt 
5 to ſhew how they formed the-Seien — * ſpecious Arithm 
"To divide: 4 Hue, for Example, | 890 8 three e MR? in wells 
Manner that the firſi may have £1 > mire than the ſecond, 4 08 
15. more than the third. „ | OP, 
It is thus I imagine a Peron would: 1 ak whoj without the iy 
leaſt Tincture of ſpecious Arithmetick, attempted to ſolve this Proble: 
It is manifeſt that if ene of the three Parts was known, BN 
| bn would be immediately diſcovered; let us ſuppoſe, for - - 4 4 
bird Which ie. the. leaſt to be known, we muſt add: C1 19 ta it, 1 by N 
Sum wil = the Value of the ſecond ; to obtain after the firſt Part, 3 oo, 
ve muſt add C180 to this ſecond; e eee t be. 
* {115 or £205; tothe third? OILED found wit 
Let therefore thi Part be what it will, we Kno that this part, —— 
5 more itſelf together key Lin 5 more itſelf again together with-/ 95 
e make a-Sum to (00. zh 
- From-whence it fo — that "he e the leaſt Parts more £115. 
more £295, or more £410, is equal; to- 753 | 
But, if the Triple of the Part _ more Lo! be equal to L890, this 4 
3 —— of the Part ſought muſt be leſs: than £420»: therefore it is - 
Ausl. 10 480, therefore the leaſt Part is nr to £160: TAS cond” 
<0 conſequently be £7 and the firſt or greateſt 40. 
It. is le the yſts: argued in t « Manner when they pro- | 
poſed to themſelves Queſtions of this Nature, without doubt in propor- 
hon as they SY in the Solution of 2 Problem, they burthenead 
"their Memories. with all the e which oy conduQted them to 
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0 . * 1. Rebe b 8 3 ted à grea 

BE 0 ſtbey were un 2 8775 255 mt 9293 4 to a ih. 
3 _ thod of . cbeseſelves, And of employing ſome 
_ : 5 5 7 1 . of Which however advanced they were in the 


=  _. _ Problem, they 5 perceive at one View what they had ma, ind 1 


5 5 what end for them to Now the Kind of r TO ma- 
N e For. this Pur repoſe, is cle fo Wa Arithmetic *. 


5 e 70 en the e + th Since more : clearly, we will re-. 


ame the. fame Queſtion, write down in Words the Atguments which = 


g 75 8 the An alyſt employs to ſolve his Problem, and in analytick Symbols what 


_" the fore 

. ing Pr Nen is requiſite to aſſiſt his Memo | 
i2‚ß ]) 7 The leaft or third Part; be it hat it vin, Tuenote by obe Letter 
1 for Leer e by x... 15 

. - ſecond nr hee mere 116, — 55 1 dentin th 


din of the two Quantities Between which it is placed. 

5 5 25 8 As to the firſt Part or greateſt, ſince it exceeds the ſecond by 180, u 

. e vil be expreſſed by x is + 1806. 

md thoſe: three Parts we will have 3 5 + 11 15 us + 150 6 
5 e reduced 3 x + 10 


4 > l 

5 1 f 

is 4 
2 

4 
$ . : 5 
N — 
= 2 » * 
4. 3 


1 SE preſs thus 3'x + 210 = $90, employing the Ne which ſi 
= 5. 2 8 " -hes πν⁰,jE to deute dhe Equatiey: of the two Quantities between wh 


g 2 | * | ag: © 73 
8 AS Place 
A 5 


5 thy of vo. Where it is required: to find's Quantity, the Triple of which bein 1 6 
3 ded' to to mattes 890 To find the Refohition of itnilar Que 


WV To folve « an hat is underſtogd by ſolving an Equation, the! we ef — 


equation is 
tds find the 
8 5 Value of che lity of 


3 32 Blu fn =="890 it is ſo called, becavſe it indicates the 
A 


\ Sid 4 
S OR RR * 288 — 


1 . e But 'this Sum of the ihtee Parts thould be equal to 8goz which I , 


WE ene The Queſtion therefore by this Computation is changed into wr . 5 


1 best . 
3 are: x +115 em a 55 the Sign + which ſignifies more to 1 aos the Add: : hoe 


titles, tö ſolve this Equation, is to find the Value of tt 


.. - uaknown. the unknown Quantity from this Conition that its Triple more 1 8 


1 it ENS” | | 
N 2 makes 490. r 


dane + /Tofolveithis Equation the. Analyſt hives ad dries inn e 


of che - gumen t at follow, The Equation t6 be ſolved 3 * +:410 = 890z'teaches 


tion which 


refſe.the' US that we are to add Aro to to make up el Sum 990 905 Wherefore. i 
fore Wy aro, Lexpreſs thiis 3 >= 890 em- 5 


eee x are leſs than 890 

1 The 85 (Playing the he Siga — which Agne, 2 leſs to denote that the 
A ecktlaß ſbtild be ſubtracted from that which it follows. 
5. . 8 


Equation 
n 2 * this * 30 * = 9 


8 — % — 
jd A * 3 
#2 "EH 
i E. : 
* —_ 
* . < 
; CS $4 * = 
; 3 
| by: * 
9 Wo. 
- 5 1 22 
8 - 2 1 


88 


5 x==$890—410, we deduce, eee 8 


Tal sprerdus * Krunzriek 
ay — theod abe equal. to- 4e, one x will, be the. think 

er 1 which T write dawn thus, x === 160, nd Quel 
del. fines it ſuffices to RY 6 the Parts to diſcover is the te 


| 16 5 en the « Queſtion inveſtigating 1 fo. . 
"M Part firſt, we might effe& 's in like wei by A bat —— 14, 
180 5 e Fre | 4 


Let this firſt Part be expreſſed by 3, the 4 havin, 
IR and the third having Ws 280 uy the tec 
. y-—1806— 115. | „ 
Nor the e thoſe three Quantities is 3 5 — 180 — 160 —11%ę 
Jo. Would be eq al to 890. E „„ 
: _- have therefore the ion 2 47 PTY 1 which oy 5 RN 
- learn that 3 y exceeds 890 by 475, ſince we A ſubtract 475 from 542 „„ 
i obtain 390. re 3 =890 +475» or 3 = 139%: WEE CRE 
eee e lege VVV 


wr uf ea . you CT: * A Sam 1 1 „ 4 
© the one employed, and that the Differences were Numbers afferent '- 4 
trom thoſe made uſe af, it is manifeſt it 2 be ſolved after the ſamſe 

= . 3 Let us ſuppoſe, for Example, | the Problem to have been „„ 


8 ee Pair in fund fuer eiten 98 . 
5 5 bave 300;mare iban tbe ſerond, ee Jes 10 259. "yore then the thi a= el 
e tban 1275 Lala oF Bj be hk 2 
"RING e argued after t wing Manner: Let t ü 
| 22 Xs the third BY . * 4 200» ou Egon *Tao. ta 250, "md 2. = 
831 e um PAT - equal tc ; g600, bas #8 b ave pe 0 
. Fa 
| "To ſalve:this Equatian, I obſerve, 25 in the foregoing, t 
eee 40 thoke it equal to.9600, 17 1 ual to hat 
remains of 9600 when 1400 has been fubdaRed from it) . hich is wrote 
| 1 thus, 4 x = 9600 — OTIS : 
"But if-four x be equa] to 8200, ne & will. he oY the fourth Pare = 
. of 8200,. that is, x = $2 5; 2050; the-leaſt leaſt Fact ing =" 
ather- r will be immediately reed, the mir n the ſe- 
e 2300, and the firſt 177 8 " a F 
93 The Preblem wey be fill. 1 25. ll ed 
A «Principles Let us ſuppoſe, for Example, that it was exprefied. 


eee Ms Barks, 1 
ee welle cut f. e eee, 
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* wy . | folved in the following Manner : Let the ſecond Part be 


wo 1 the firſt will be x + 43 x + 180. Now as their Sum ſhould be equal | 


: 4280 Will be 7 x, becauſe two Integers is equal to ſix thirds, and conſequently | 


thoſe two Integers with one third make up ſeven thirds. Wherefore the 


to 3800, we will have the Equation 2 * . x7 x + 180 = 5500. 


o ſolve this Equation, I firſt add 2 x & x * together, and their 3 


foregoing Equation is reduced to 2 x + 180 = 5500, which by the 


„ 


The * X 
7 8 2 


ſame e Reaſoning employed in the foregoing Examples will become 


xX= 5500 — 180, or 4 x= 5320. 


ELEMENTS. — 


ä — * 


Now if the third Part of 7 x be 5320, the whole & will be three | 
Times that Sum, which I expreſs thus, ) x.= 5320 & 3 employing the 
denotes mul Sign, X to denote the Multiplication of the two Quantities it ſeparates. 


15 which reſults on multiplying in e& 320 by 3. 1 8 
by the Means of this new Equation: we have 22 = 22 2= : 2280, 


Value of the ſecond Part. : 
I ÿ he firſt Part will be readily found, fince we have onl to add to this 
Quantity 2280 its third Part 760 and 180 more, agreeable to the Con- 5 


of the foregoing Problem, and ſolying it in the different Caſes ma 
Imagine, the Readineſs wy will acquire will recompence them 7 


; -_ - ently for their Trouble. For their further Aſſiſtance, I ſhall Propoſe 


—_— 


wich * 
* 


A new , 1 5 Merchants | arm 4 | Society, the Fer ſt 22 17000, the ſeems 
eed of a Ferſen totranſad? the 


Yitions, 2 we will have 3220 for this firſt Part. 


Afterwards, inſtead of 7* 5320 K 3, it ſuffices to write A 


Beginners may exerciſe themſelves in varying ſtill more the Ex reſlions 4 


— 


another Problem, in ſeveral Reſpects ſimilar to-the former, 1 
1 5 


3 13000, the third 10000; hut at tbey bave 
8 uſine ſe attending their Commerce, be who furniſhed {ro000, is ſatisfied to 


uffici- 


take on bimſelf this Trouble, on Condition F being allowed 3 pr Cent on the 
| whole Profit that will ariſe more than the reft : It happens that this Profit 


amounts to ( 100000, it is required to deter mine the Te: Y each. 


'Let the Part of the firſt be x. 


The ſecond having furniſhed leſs in the Ratio of 13 to 470 ſhould have : 


7, « Snarteh 3 in this ſame Ratio, that is, only 23 x. 


The third, ſuppoſing he received only a Sum proportioned to what he 


c Fed, would have the ten 1 5ths of the firſt, but as he is to have be- 
ſides 3 per Cent en the whole Profit, that is £3000 his een be 


J x ＋ 3000 


3000 ! 
And as the Sum of thoſe three Parts ſhould be L108000, we will have 
$2. „ +33 x + 39 x + 3000-= 100000, or x-+ 14 x + 35 x = 9700d. | 


To diſenga ge the unknown -Quantity in this Equation, T obf 


n+ x +55 7 45 IEA TH - * 5 i7 x is s the ſame ute; 
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bene 0 90d eee eee or 30 #'= 1649000, . 8 


$ 


5 = the ſecond Degree if the unknown Quantity be ſquared, &c. 


* T0 find them, let t eden the 


15 1 122 


The Share of the is firlt be being found, that of the ſecond expreſſed by 


, # x, will be N 41225) that-is 315255 that of the third Ws by 


904 IO A DE Tf N Haag 3000 = 27250." | 
n, . \ 


By thoſe two Problems the Readers may form than Notion of Spar —— | 


- ous Arithmetick, they learn that in general the Solution of a Problem of a problem | 
| _ conſiſts of two Parts, in the firſt the Analyſt expreſſes by a Letter as x 8 ae * „„ 
or y, &c. the unknown Quantity ſought, or one of thoſe which when in fe n 
known, ſerves to determine the reſt, he afterwards endeavours to arrive che problm 
_ + -at an ere including the unknown Quantity, which! is en we” is expreſſed 


expreſling the ſame Quantity two different Ways. a 12 8 
Fo the ſecond it is Queſtion'of bringing the 8 Quantity to one In the e. 
Side of the Equation, leaving only known Quantities on the other. ond the. 
The firſt of thoſe two Parts is not eaſily reduced to precepts intelligible Ses * 
to Beginners, and perhaps can be learned only by Examples. 
- As to the ſecond Part, it my be 3 with mach greater Eaſe, after 5h 
a general Manner. © x 
In the Queſtions which we have 3 288 we arrived at Equa- Equations 
tions, in which the unknown Quantity was J affected only by the Multi- 3 7 avs n 
* Plication or Diviſion of known Numbers ; theſe Kinds of Equations are — in 
Called Equations of the firſt Degree, ſuch are 2x — 10 = 56, which the 
25 15=x — 4 x + 30, &c. and the Problems which lead to thoſe gray 


uations, are called Problems of the firſt Degree. | 
ey are ſo called to diſtinguiſh them from thoſe in which 4 . plied or $4 
known Quantity is raifed to the Square, Cube, &c..which are ſaid to b 5 


Let it be propoſed, for Example, to find a Number, the Tri ple „ „ 


* 2 being added to its Square, will be 66, the Problem to be olved | 

in this Caſe is of the ſecond Degree; and the Equation 3 x + x x =6g, - 

(in which x x denotes the Square of 'x) which ex _ the Conditions 
of this Problem is an Equation of the ſecond | 


The firſt Analyſts could not have attained to the a of cthoße 
Equations till they had been a long Time exerciſed in ſolving Equations 


— of the firſt Degree. n R an young to 9 Rules | 


; Which thoſe n 


3 rape: 0 „ 
treated Art. v. which is compoſed of three Terms, 4 K, 1400, 9600 The terms 
_ _ (thus are called all the Parts TO _— ee. ſeparated from each other of an equa- 
by the Signs ior —) and let us obſerve, that by the ſame Reaſoning, don 178 ft. 


* which we. ns an 4 * as n in all Kinds of Fred bythe 


1 — 


> 
” ; x * 
: 2 8 2 
' 8 
. — L N Ts 
4-1 2 


b 10 | ronchuts that 32 6 +9 x + 119. 


| Any term. Henne there veſults this 1 Princip le FOR all Equation TI m_ 
"TE. may carry over what Terms we (ran from one Side os the ä 


8 8 


: _ there will be.:on:one Side of the Glam = that is, in one of the Members 
Fer or the Equation, the Terms affe@ed 
Foy Sign S, chat is, in the other a per be b. r oi geh ee ee 3 


E 1 . atſoe ver precoo by the gn and carry — 
- it over to the other ber Side of the Sign we? giving it the Si ige He had 
for Example,' 30 + fx =5 x + 30, we may au tones nate : 

 Bver to the other Side, giving it the Sign — and write down the Equa- i 
tion thus, 30 5 * 30 —- f x; for we may ſay, as in Art. v. that 
fſince 22 x is to be added to 50 to make it equal to the Quantity 

8 x +30, therefore 50 mult be leſs than </+ obj the Queneby Sf =, | 

Th that is Nen $:2: +30. 12:2, 7 job 

We may in 8 we er warn in. that the Equation 

„ = 890 was chan into 37 90 4 476, We may, per- 
e eee the Terms have the Sign — on one due f 
the Sign of Equality, may be ns" os deen by giving them 
tte Sign . If we had, eng e ws 4 x*+ 119, we would 

os r # 3a ſhould be diminiſhed b 44 

5 & towqualgx+ 109, = age RIM: at 6 *. _—_— 16, it | 

05 dual w'6 «+ ang. 


vt on - 


= / gre al of Reaoning. 5} 


clenging its. By is Means we eee any Equation inko nathan; in <q 


We oth the other, provided we Roy 
of the infinite Uſe, EN 


by xx, and on the other Side of the 


two parts are entitely known. 15 
e Let, for Example, the 
1 deduce from-it d => K 490 ke 
*60'— 4 ee ;ra xz \l deduce: Femdom 250.60, andfook 12 
-other | 


Rake 8 Srenſpelitions we have cartied:over. allthe 

Terms affected by to one Stde-of the Equation, andthe known Terms 

to the other ; What moſt naturally oecurs, is to reduce aach of the two 

_eMeombers of the . Expreſſion, 2 for Ex- 

e, the 1 ion 8.4K = L reduce it io 

bh 220, y taking away in ede 2 e 3 Ky 

or from q x which is equal to it. The e * — Ar 250 — 60 

will berreduced/to:34 α = 1h, tbeconſe & andi x-brought 10 the fame 

Denamination become 22 eee eee eg i 25 n 5 

* „ eee eee oa 25 7 
v. ak | JFF js 1 
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—— 


into others, ronſiſting oſly of twat Terms, one 


Which compoſed a certain Number of x, Siber integral or fractio-— 


naß and ide wn is = Term entirely known; ſuch ate the Equation 


1 = = $400; '$:x'= 5320 and ſolv u d e wands... 85 
Let us now — what we have ſuid concerning thoſe Eyiztivns, in 


order to deduce from thence general Principles applicable to all other 


that | 
like Manner for other Numbers of w, we deduce this general Principle, affects the 


* N * 


From ine mY gab we deduced: — 0 4x Method of 
bo ehialto-8200, it followed: that one 4 muſt be the fourth Part of Hong the 
Han, from this Reuſoning, and from theſe which may be framed in rl 


tor which 


that the Multiplier which affects the unknown Quahtity i in one of the unknown 


Members of the Equation my be-raken away, b RY it ferve as 4 e 
| Diviſor to the other Member. * 0 e 


7 


Ew P 
, ene 


From te BquationF vg 530d we — Ex 3220, | obfſery. Matos of 


ing that if the third Part of * was 6qual to 5 320, the whole: 7 x muſt 1 ex 


de equal to three Times that Sum. From whence we deduce this generul htc 7 


Principle, that the Diviſor which affe&s the unknown Quantity in u ave the 


Member of an Equation may be taken . ws. OD it verve: As a quantity dit. 


ke ammo arr ripe: mg F „ 14 appear. 
Wich thoſe Rules we are enabled to bolre al Kids 45 Davatons . : 


a firſt Degree. To-exerciſe Beginners here are ſome Rxampſes.” - 


2 


3 3 3 


es 


203 . + 93 SAT 1 or or or x = 
Ter e 5 X 21 40 — I xXi= 60 — SHA Fran: 7s Ad 8 
+ 


vd SS 


„ 190) +4 x '=4'x = $966" hiiged e Tanten 10 — 


S x +3-x—$ x'=90 $2; and by Reduction bectines g — $x'= 8, the firſt de- 


© gpretous'antonuerIck. = 4 
ER poi [will be char = 


22 T ©; 4s te — 0 ſolved 
Arad, or s, or 8X =8 X15, or inge v a 
In like Manner - 9 = 4 —10 by Tranſpofition'is © eng — a 


x—+x+ 3x =109, Which by reducing firſt 3 & 4 to o the ſave Deno- 
F FIRES e 7 * Tok and by reducing F'& # To! ix quote * 
Denomin beben. n 100, or e 


+4 91 VII. e th 8 7 5 
- Haſtead of 6 all we FruQidne! to the une Dendanthetor 4 
the Diviſors of the Equation may he minde 


to vaniſh one ufter the oe, 


dy the following Method, which muſt Have ſoon oveurred to thoſe who 


Wt ee np ann — e 0 Ne 007” 
Vet dregeing ExAmple 5 S1 22 100 reformed; tic ethod 
manifeſt that if the two Members — this. Equatten de 5 T3 
the two Products will be 5 — _ g” val-Quantities multiplied b 4 2 b of 
dane Neintier lodge he Taye Frede, Wg ih ene e * 

* , 


. 


4 


2 „ ELEMENTS 8 3 
1 A to: e bien: pri reac. the Diviſor 9 has va 8 
niſhed, and it is eaſy to perceive that it ſhould-neceſlarily de ſo; for 3 
any Quaotit whatſoever- multiplied by ꝙ ſhould; give 2 Integers of this 
n=" o. make 4 vaniſh in the ſame Manner, I multiply all the 
erms of the Equation by 4, only obſerving that with Reſp 25 to the 
Term 2 *, the Multiplication by 4 is performed by taking 5 the De- 
+ 5 nominator 4. Hence there reſults 8 x — 9 x +24= x = 3600, or 
if Au . 3 3600, which by multiplying the two Members by 1 will 
l become 252 * 5 280, or 247 x = 18000, or x 2 
The general Principle which reſults from hence, is that to make a Di. 
| by viſor of a Term vaniſh, we have only to multiply all the n Terms 
"oy the wot,” and take it away from the Term it affects. e 
55 {4 So. 
LY wen! We may find another Method for taking. away all the Diviſors at once, 
method by obſerving that if we multiply all the Terms by the ſame Number di- 
8 viſible by each of thoſe Diviſors, each Term will be reduced. If we mul- 
make to dif. tiplys: for Example, the Equation 5 * —. 4 x + Fx = 100 by 180, which 
appear all at is diviſible-by , by 4 and by 5, we will have 2.x — „ +ERx 
once. 2 18000, or 40 x— 45 x + 252 x = 18000, or 247 x = 3 N 
. Now to find this Number which may be diviſible by all the Diviſors 
we have only to multiply ſucceſſively thoſe Diviſors i into each other, Let 
| the Diviſors of the Equation 4 x + 4 x = 160 — x be propoſed to be 
taken away.” I firſt multiply 3 by 8, and afterwards their Product 15 by 
7, which gives 105 ſor the Number diviſible by 3, 5, 7; this Number 
being found, I multiply the whole: Equation by it, which gives. me 
| . * 16800 — 232 x, or 245 x Þ+ 21 x =16800 — 30x. 
"To render this Operation more comodious, inſtead of forming the 
Product 105 of the three Diviſors, it ſuffices to write it down thus, 


3* *, did then we vil have ZELLICS + IS = 


160 & 3 X 5 x 7 22 E &2 x, where: we ſee by ated 


that the Number w#; ſhould e in the Numerator of the firſt Fraction, 
becauſe the Diviſion by 3 ſhould be deſtroyed by the Multiplication by 
it is the ſame with Reſpect to 5 and 7, which are at the ſame. "The. 
2 the Numerators and Denominators of the other Fractions. = 
By this Means we arrive at the Equation. 7 X X 7 x + 5 NAA 
160X'3X5 X7—2X3>s5 xz which after forming the Multipli- 
cations indicated by the Signs Xs e 2 * 5 AJ. X=1 airy 30 
L elivered am * N 


xXIx. 
To follow i in the moſt likely Fran ble the Order of the 6 


tors, ve dwell no ä on a the ethod of dilengaging the: _ 


- 
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: indicates th 
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To pay s cerlain Münk V Workmin ut 'the Narr ef 
s et, heels he Noh 


d e und Pack of K. W. "whit Which is denötbd then, 


3 ve have gfe Values of the fame Number, 
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Quanti anner of reduc Probl 6h 271, ol 
1 Ou e MES IT pops 8 — Foes © is 
a ꝑmplioy t a chi e M 
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bed>eSdpabe mart 5 EY hp 
| XLIII. 7 


* this W os x we 1 8 to fin a Rule of ſpecious Arith- Mali 7 lows 4 


metick, which we had not as yet employed, and which on ſeveral Occa- tion of com. 


ſions may be of Uſe. This Rule is called the Multiplieation of Muf- ere ui 


tities or mul 


tinomials. A Multinomial or compound Quyantity ſignifies in general a tinomialsde 


Quantity compoſed of ſeveral Terms. When the Number of Terms of 2 from 
2 Quantity are ſpecified, if it conſiſts of two it is called a Binomial ; if ing 2 
it conſiſts of 1 yt it is called a Trinomial, c. 


To exerciſe Beginners in the Multiplication of thoſe Kinds' of Quan-" 


8 


== of _ 


| AW oy 42 — 46bc4: de required. * 
By reaſoning in the ſame Manner as 15 the foregoing Article, i it wit als, 
appear, that ſince the Quantity 34a 5. — 4 bc d is leſs than 3 4 = , 


43e d, the Product of this Quantity into 2 45 2 — 1 ＋ 6 


ſhould be leſs than the Produ& of 3 2 5. into 2 4 —. 545 + 8 
by the Product of 4b d into 2 43 c — 5 atb +'6 a5. In Conſe- 
quence, I write the Product thus (2 43 c. 3 b + 56) X 398% 


„ 2 45 5 tb + 645) RX 45 d. 


rforming now the two Mubtiplications i by the $i 


6, e the ſame Manner as thoſe of ſimple Quantities, we will —— 


6 4 ba ca — 15 45 53 + 18 as 52 for the firſt Product (2 25 n — 5 at hb 
+645)X3a6b. In like Manner we will have $6 6d ao ed - 
+ 2h ed for the ſecond Product 6 44 + 6 Aed. 
Then ſubtracting the ſecond from the firſt, as ted in the foregoing 
Expreſſion, we will have 6 44 5 e — 15 4535 ＋ 18 46 — 8 4% f 4 
+206 bod — eee de E 5 1 ys 1 
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4 * Muluplier of OP oing: RE: 15 ae 4 befdes the two 
„ 3 4 f 45 f d, = er 8 ab, for Fammple, it 3 is mani> 
feſt that to ohtain th Whole Product, we mylt ſubtract from the fore- 

ing Quantity , the. e Product of 2. 45 65 — 5³ę. ＋ 6 a5 into 3a 5c. 
* the Multiviter 3o 555 — 430 Y 5a bc being leſs than the Multi- 

ier 3 5 — 4 b c d, by 5 a6 e, the Product of it into 2 a3 cf — 5 43 
e ap 4 d into 2 a3 (2 

5 Ak —$4 + 6.5 by S aS (2. 23 2 — 5 7 + 6 250. In like Man- 
8 ner if there was another Term in the M tiplier, 3 55 for Example, 
- with the: Sign + the Product 3.9 K (2 c — 3 200 ＋ G ſhould | 
de added ta the foregoing Produs. 

_Fundamen- It appears in general that any Quantity being given to be multiplied, 
1 * with the Quantity which is to ſerve as Multiplier, we are to form all 

8 A. the ProduQs of the Maltiplicang into each of the Terms of the Mul- 
"08 "ap add or ſubtract thoſe AIC. 6 according a5 the Te of 
ipher ar hl Oper with the Sign + or —. 


'To baker e At ter a ede Manger, proceed N bus us, We b 
. ee ee 1 5 
8 FRE | Tos: mo Wow the « Mather under the Mubiplicand; an} 3 4 : 
be purſued Bar under the Multipl To form afterwards the firſt Line of the 


tn altipliy Produkt which is to * down under this Bor, multiply the firſt Term 
. hal 65 bf the Multiplier b y 'enchiofi the Terms of the Muliglicand; obſerving 
| * to prefix to each of thoſe Products, the Sign of the Term of the Mul- 
„ + fiplicand, Af ithe firſt Term of the Muttipher bas 1 Siga, and conſe- . 
2 Yvently is ebnſidered us having the Sign +. : 
To form afterwards the [ſecond Lime which ould de wrote iO : 
the firſt, multiply the ſecond'Term of the Multiplier by all the Terme 
of the Multiplicand, and if this ſecond Term of the Multiplier: has alſo- 
the Sign +,- the Operation is abſolutely the ſame as for the firſt Line, 
but if ft it has the Sign —, to each of the Products which compoſe this 
Dine, prefix'a Sigu contrary to that which affocts the Term of the Mul- 
_ tiplicand to which it relates. All the other Lines of the Product being 
formed ufter the ſame Manner, by Means of the other Terms of the 
Multi ir; rp multiphed by all theſe of the Multiplicand, draw a — | 
or fednce all thoſe Ee nar ee ggg which re- 
"ou will be che Product required. 5 
Me fuppofedithat the firſt Term of the- Mottiplior bad the Sign +» 
"If however it had: the Sign , in is eaſy to perceive-that with'ReſpeR 
to this Term, as with Ref to the We affected by the Sign 
Signs contrary to thoſe of the Terms of the oft are to d be 
Prei —B pl i 
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to be preſerved, confequently the firſt eg oy is the 
24 into a ad will be 4 d preceded 28 
18 Fred the Product of 44 rung: will 


b 2 a 7 Preceded eh the Sign * 
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To explain this Method, we ſhalt apply it to an Example : Let it be 


propoſed to multiply the two Quantities 2 a 5 = wt wy c Ty 1 * g a 5 oy : 1 | 
u tip lcand, 


— ol 


5 T2 d. The firſt being choſen for the 
ſecond for Multiplier, I write down this laſt under the other, as above. 


' Which being done, I remark that the firſt Term of the Multiplier is OO. 


Na — conſequently all the Signs of the Terms of the firſt Line 

of the Product ſheuld be the ſame as thoſe of the Multiplicand. In 

Conſequence of this Remark, L write down 6 4 #* the Product pf 

_ Into 2 ad, without 55 refixing any Sign to it, which comes to the 
as if it had been affected by the Sign +. 

I afterwards put Fe — for the Sign df the Tecond Term of the 
by i Line, becauſe it is the Sign of the ſecond Term of the Multiple. 
cand, and after this I write 1a 4 Be Produtt of 4 e into 3 a 8. 1 
prefix in like Manner the Sign + of the third Term of the Multi 
_cand. to the third Term ik firſt Line of the Product, Which 

2 5 d Product of ad into 3 ab. The firſt Line of the Produt "a 
ing thus finiſhed, I remark that the fecond Term of the Multiplier bas 
the Sign —, and conſequently that the Signs of the Multiplieand muſt 
be changed to form the Terms of the ſecond Line of the Product. 
Wherefore the firſt Term of this ſecond Eine ſhould*have the Sign — 
Which I prefix to the Product 10 a* B cf the two Terms 2 ab, 5 ac. 

The ſecond Term of the ſame Line ſhould have the Sign -P, ſince. 
the ſecond Term of the Multiplicand has the Sign —, 1 thereſore pre- 
fix the Sign + to the Produft 20 4 c of he two Terms 4 , $5 4c. 


The third Term g A of the [being pre 1 Rs the 
Sign +, the third Tendo the ſecond Line will! be che Stu a 


which I prefix to the Prafufe 5.0 e of_the ho a 5 . 


As to the third Line of the Product ſou ht, uſe the thi Term 
of the Multiplier has the Sign +, all the Lal the. Multi oy * 
rodu 


he ſecond, -. 


n+» 


—, and the third, that 9 e 
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"Let it be e to ſolve the i Equation alt + 724 — abs, — Fa = crak, exam 
there 


CE 


ax. — ac, 1 firſt make the Diviſor 1 —c diſappear by . een ef 


ax —ac by d e which gives 4 64 ag rm ="(@ax'— ac} 10 | 


X.'(d—<c), or ab* + abd —abx =adx—acd —acx + ac 
Which, by carrying over alk the Terms: affected by & to one ſide, and 8 
the known ones to the other, will become a5* Haba + acd—act > Ted 


uy ” 4 —ac x, from whence is dedu ce = 
a . FabdHacd—af*  _ e LE Cr Han ines 20% 15 
—.. a ps. 


A certain Relation which is 5 to ſubſilt bins the Tem: 


of the Dividend and Diviſor in this Expreſſion, might induce us to think” 1 25 RY 


that the Diviſion may be performed exactly, and conſequently invites 
us to attempt this Operation, which ſhould appear eaſy to execute, af- 
ter having ſeen that of Multiplication of which it is the Converſe. 
Jo diſcover in effect if ab + ad — ac can divide exact a R Manner of 
> abd + acd — ac. I divide firſt one of the Terms of this laſt e . 


the diviſion: 525 


| Quantity by one of thoſe. of the firſt, for Example, 4 32 by 4b, and jadicated in 


write down the Quotient 6, I afterwards multiply this Quotient 5, or this exams” FF 


rather this firſt PargÞſf the Quotient ſought, by the whole Diviſor ab * 
+ ad - ac, and ſubtract the Product a b + abd + abe from t 
Dividend, the Remainder: 452 + 4 ＋ acd —86* —ab*—ab, 
+ abi, or ac d— ac* + bc, is ſtill to be divided by the ſame Diviſor, 


and its Quotient added to the. foregoing to. form the whole Quotient 1 8 


ſought. 0 8 
Io perform this Dividow 1 divide one of this Terms of the Quantity. „ 
44 beds 46 ＋ abc which remains to be divided, by one of thoſe of _ 


the Diviſor. For Example, ac d by ad, which gives c for the Quotientz _ A ps 


I multiply this new Quotient by the whole Diviſor ab + ad — ac ande. 
I fubtra& the Product abc + ac d— act from the remaining Dividend 


acd —ac* + abc; and as the two Quantities are the ſame, there re- | 5 5 . 5 


mains nothing to be divided; from whence I perceive that 3 + e is the 
exact Quotient of ab* + abd + 7 IL EE YAN. ws ab e 
| and 3 the Value of ER. 

 XLVITE - 


"Aer digein 8 the foregoin Diviſion; it is 1 to perceive nts 1 5 


what Method is to be purſued in other Examples. To reduce this Ope- „am mw 


vidio PRE. 
ration to a regular form, oo, Analyſts: write down the Diviſor at the = IP Tz 


] rig ht Hand of the Dividend, ſe eperatng them by a Line, as in Diviſion tities. 
| of Numbers, chuſing afterwards a Term in the Dividend diviſible by 
| one of thoſe. of: the he Bae N write the dey tet of 9 acts | ONS 


P ELEMENTS or 13 | 
Ander the Diviſee, prefixing to it the Sign +, if the: two Apts which 
Aa are divided one by the other have the ſame Signs, but prefixin to it the : 
Sign —, if thoſe two Terms have different Signs. This being done, they 
mmültiph the Quotient by all the Terms of the Diviſor, and write the 
| $ Preduck under the Dividend. But as the Uſe of this Product ſhould be 
1 to fubtra® it from the Dividend, they obſerve when writing it under this 
5: Dividend to prefix to exch Term a Sign contrary to that which reſults 
3 from the Multiplication, 
Ĩ᷑̃'ͤbe Product being chus te en, they draw a Liok and perform 
93 the Reduktion with the Dividend, and the Quantity which remains, is 
to be divided a-new by the ſame Diviſor. They chuſe as before a Term 
dauiviſible by one of e of the Diviſor, and — the Term which re- 
ſults for Quotient beſide the firſt, obſerving to prefix to it the Sign , 
obvbbr the Sigh —, according as the two Terms that have been divided one 
dy the other have the ſame or different Signs. They multiply after- 
Wͤ,ards this Term by all thoſe of the Diviſor, and write the Product un- 
daa the Quantity to be divided, obſerving as before to change the Signs 
| ae rhich reſult from the Multiplication.” Then drawing a Line and teduc- 
| | W "> if all the Terms do not deſtroy each other they write the Remainder 
| Under this Line, and continue the Operation after the ſame Manner un- 
e ul all the Terms of the Dividend have vaniſhed f 
„ Wie er As in this Operation, it may be ſome Times embarraſſing to. ebuſe 
A avoiding amon the Ferms of the Dividend and the Diviſor, thoſe Which ſhould 
SY actes Ferve to form the Terms of the Quotient. To remove all uncertainty 
| in diviſion un this Choice: Here is what the Analyſts have imagi ined, _ 
EST 3 They firſt chuſe at will a Letter which is found in the Dividend and 
wust ie un- Diviſor, and they diſpoſe the Terms of thoſe two Quantities in ſuch a 
| _ Verltood by Manner that the Terms may ſtand firſt in which this Letter has the 
6 NE 5  ;greateſt Exponients, and thoſe OE. in which Wehe Letter has the next 
© by has 0 to-a Preateſt Exponent and fo on. I navy ordered the two propoſ- 
„letter ed Quaatitics according to the 25 ter (it is thus this Operation is 


=. : 55 1 i ealted) the Terms to be divided are no more determined by. conjeQure, 
—_ 5 De the firſt top: of 1 8 Dividend and een een 4 


When the firſt Term of the ( wotient is formed by thoſe two Terms 

of the Divifor and Dividend, the Product is wrote with different 

Signs under the Dividend, if this Operation introduces Terms of a 
Aikerent Kind from any of thoſe in the Dividend; Care is to he taken 

85 in writin bg: the Quantity which reſults after the Reduction to place the 
. WPerme, ſo chat the Quantity which remains to be divided be always 
| Gore's e eee 
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TIE LES Fes „9..². Ta . 
To inultrate this Meth. we ill " it to „ he e Un, | 
it be 5 propoſed. to divide the ill apply nt 31% b + 2.6* + 24 Narbe 
75 . as 2 b the Quantity — : ab + 2.4 + 4 b?, | 898 
ö 5 wrote down thoſe. 8 in the Manner above, where they | example, | 
| ere ordered accordin to the Letter g. | 


I divide the firſt Term 2 47 of the Dividend. by the. feſt Term a of . 
the Diviſor, and ] yrite- the Quotient. e*-under the Diviſar, without pre- 
fixing any Sign ta it, that is, I mak it affirmative, becauſe the Terms 

24 and. 2:a* are preceded by the ſame Signs. The Quotient 4 being 

t down 1 multiply it by all the Terms of the Divifor, and as this Mul. 
. Would give me for firſt Term 2 4. Product of a* into a” „„ 
the +» L ſet down this Term under. the Dividend ith the $i ign TN 1 14 0 5 
becau e it is to: he ſubtracted. 3 
In like Manner, becauſe the ſecond. Term 34 af Pu of. at. in | 

þ a ſhould have the Sign — By 7 Multiplication, 1 write thi 

8 + 335 ſince it is to be ſubtracted, finally becauſe the this 
Term 4 #* Product of a“ into 44 ſhould have by«the Mpluphcai — 
ene + TI write it under the Dividend with the. 1971 . 

This being done, I draw a Line and reduce; the 8 vantity which . 
mains is — 10 63 + 27 6 — 3853 17 470 which is to he di- 
vided by the fame Dviſor 2 — 35 + 4 perform this Divis _ 
fon, 1 divide the firſt Term — 10 1 of be Grete to be divided by 
the firſt Term 2 & of the Diviſor, I write the Quotient -g 5 @ beſide 
a, and multiply this new Term of the Quotient by the Diviſor, ang 
write the Terms of the Product with contrary Sigus under the Quantity. | 
to be divided. After the Nedustian there remains 12 *. — 183 @- 


+2 5 5 34 to be divided. © 
ty being divided by-2 a of the 1 


The firſt Term 12 B3 a of. this Quanti 

| Diviſor, gives + 6 42 for third Term of the eee gr 0. 
duc of his third Term into the Dipiſor deſtroys all thoſe of the Quag- © 

| tity to be divided, I conclude that the W * Se ON d_-_ 
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. 2 5 c ＋ 3336 — 4 „„ 
„ aAdTA— eo 29 5 


Let it be propoſed to divide 6343 — 34 — 94262 + 40% by - 36 
eee you +6 +2 /*s eee two Quantities im the Manner above after 
mdaving ordered them according to the Letter ca. 
= Dividing afterwards the two firſt Terms, I have 2 for the firſt 
| Term of the Quotient, which being multiplyed by the Diviſor, gives, af- 
ttter changing the Signs, the Quantity — 4c + 656 — 231 &, which 
being placed under the Dividend, gives for Remainder. 6 5 635 — 11 3c 


6336 — 64, in which I obſerved to place firſt the Term 68 3 af- 
fected by cs introduced by the Multiplication, in order that the Quantity 
may remain ordered according to c. Dividing afterwards this firſt Term 
653 by 24, I have 33 c for Quotient with the Sign +. I multiply 

this new Term of the Quotient by the Diviſor, and write the Terms of 

the Product under the Dividend, after having changed their Signs. After 

tze Reduction there remains — 2 3 ca ＋ 333 c — 64 to be divided. 

„„ The firſt Term of this Quantity being divided by that of the Diviſor, 
naives for third Term of the Quotient 54 affected with the Sign —, be- 
. Kauſe the Terms a 6 c and 2 6* have different Signs, and as the Product 

of this third Term into the Diviſor, deſtroys all thoſe of the Quantity 
do be divided, I conclude that the Diviſion is ended, and that 2c> + 3be 
Ei the Quotient ſought, e 
. kf in ordering the Dividend and the Diviſor according to the ſame 
Letter, there occur ſeveral Terms in which this Letter has the ſame Ex- 
i + _- _ ponent, we would fall into the ſame Inconveniency which we propoſed 
dio avoid; unleſs thoſe Terms be ordered again according to another Let- 


wdteer, common to the two Quantities. . „„ 

—_ VCLet us ſuppoſe, for Example, that the Dividend being ordered accord- 
ing to the Letter d, the firſt Terms are, 3ac*d3 — 343 — 3 atc da 
+ 43 &3, and thoſe of the Diviſor, ordered according to the ſame Letter 

© dn + ra — 2acd*, Arranging theſe two Quantities thus a3 43 

3e d ＋ 3443 — 5B, d — 2cad* + © df, that is, 

- ordering them according to the Letter a, the Diviſion will be performed 

Without being liable to be embarraſſed in chuſing in the Dividend and 

Niviſor the Terms which ſhould ſerve to form thoſe of the Quotient, 
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5 4 In the Solution of the EY Webs we oy zecafi 


on to apy | 
zone unknown Quantity, becauſe in theſe Problems there was, pro- 


| 1 . 1 5 = "+. i: Eras Quantity .to be inveſtigated. But as we ad- 


3 5 LF TS in t ence of ſpecious Arithmetick, there occur Problems, to- 
A 1 Which, it is requiſite to employ. ſeveral unknown Quantities, we = 
_ fall therefore proceed: th epi how-they are td be managed. 


= 3 Pere being given ie ſpecific: Gravithe af: teoo Sub flancet which: —_ 
| which =D mixed togetber, he. P M0xrare, to find the- Qyaxticy 
J of each of 1 8 bps which compoſe the Mixture. 
1 8 Let the | cantained in this Mixture, or in ge- 
3 1 5 5 bo neral, its Bulk after be Manner it is meaſured, be expreſſed by a, 
VV and its Weight by 5. | 
„ Let the Quantity of t firſt Subſtanoe Entsined i in the Mixture, for 
EE: 1 15 5 * e mae ol Tuber ches of 2 Sadſtance de {29d | 
"FD a vb wy 1 Ft. the Wei ei ett of ' 5 foch of this Subſtance, or in general, its. 
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21 4 c be expreſſed by 95 n 
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# n 5 not de determined unleſs. we Mete. . 
ETV * Tbereis 23 ſome ethet Operation to be : 
deco diſcover 5. To arrive at which we mult examine whether all the 
=—_ Particulars Arsen the Queſtion have been attended to, or to ſpea K 
In the Langoage of the Analyſts, if all the Conditions of the Problem 

mie been 3 upon Examinetion-it. will appear that only one of 
© the Conditibns W. "been enpreſſed, and the Condition implying 
. _ .*  #that the Quantity of che rſt Subſtance, added to the Quantity of the 
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Th 5 "ELEMENTS or 

e =” : SEA of x a are ao thoſe. two. Values ke 1 1 
. bon Quantities on coincide, The Manner. of reducing one. to. ts 

EE | Ger is as follows. 7 7 


_ I-firſt give the L ENG 1 to the Letter b, by eng 
i by e by iy in 2 —— = for b, and then the 


© 
$f. 


| foregoing G 95 RE — E will be — 


—— ts or CO NY 


"NE IRE 


5 — — 3 

whe ot infledd 8 4 * Ry. — 3) we may write a bd, 5 HY 

— Quantity ſhould be ſubtracted from bc 5 d, the foregoing Quantity 

5 — 2 * 2 when reduced i is 22; =, which 5 
— de 2 Cc 

* mee the Navel and Denominatar by the ſame OT cla 5 


| at Jength becomes = = L the lime Value as before. | 
Application N LIV. 8 e 


eee _ this WARE Solution to an 0 A the Mixture: be 


3 een E nnd to be compoſed of. Geld and- Silver, its Weight: to; be 30 
| 1 18 og 


* Changes, Us Bulk 3 kick Inches, the. Weight of a cubick Inch of 
— AO 12 5 © Dances. and that of- a cubick Inch of Silver 65 Ounces, © 
We will have a = 3, b= 30, = 124, 4 =64., Subſtituting 


. Values in” the two. general - Formulas * = and n= 
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” ac= b e will become * = = 125 and y, . that is, the, Mix- 


4 „ 


ture will contain 23 5 cubick Inches of Gold, and 43 4 3 Inches. of 
"anne. 5 | 5 

| It is eaſy to perceive Mm whit wo bave ſeen i in the ee Pies 

| pena that as often as two unknown Quantities: are employed in a Queſ- 
Foes hd tion, there muſt be two el ia f to nee them, and when there 
7 . are two Quantities required in a Problem, there muſt be two Conditions 
given to determine them, in order to deduce from thoſe two Conditions 
two Equations. To explain the padvarys of e 8 thoſe . 


* YL we have added the n, Problem 5 5 
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De Tee Piper, each of aich run: . 1 


vakoown | ee n . — 
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Let x Ra 3" expr reſs thoſe Diſcharges; 
Number of Hogſhe t ech of thoſe: two Pipes furniſh in a Day, 


Quaptitien of Water by the firſt Condition of the Problem ſhould be. 
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- cone and then putting theſe two Values og to each other. 


. 2 * * 
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— 5 — * Us 


es Abr RMA pie 


| led another Ciftern d the frft running duri the Time: 5 45 Cm quantities 
hs; 2 92 gb Time f. The Diſcharg „ b Pipe js regul i wr wh: 5 
1 5 is, for el. hs © 


ing the Ciſterns a and & to be meaſured in Hogfheads, whilſt. __ St N 
Tumes b, e, e, Fare counted in Days. „ 
The Quantity of Water furniſhed by the Goſt: Pipe, during e Ti ime TEE 
55 will be expreſſed by br; and the Quantity of Water furniſhed by PG 
the ſecond Pipe in the Time c, will be ex * by cy, But thoſe, two 9 


al to the Ciſtern a, hence we have bx + cy=a:” 


In like Manner the Quantities of Water furniſhed by the Kine 3 1 : 
during the Times e, F will be expreſſed by e *f Js ones E „ 
57 ſecond Condition will give e f A , 


We have no more to do now than to deduce om thoſe two Bau 7 
ons the Values of x and of y, which will be performed, as in the E 
going Problem, by deducing a Value of x from each of thoſe two 'Equas- - | 


The firſt will be — c » the ſecond <= Putting ae . 


Ih Values equal to each 3 thers will arſe. = 493] 22 | 8 = . 
or 4 —cey = IM a ce J.= bd — 4 — 8 4 
e Fifi e Value of 7 in one of the _ WV 


. ple, there vill. _ x = 
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yiving the. firſt Tee 4. che fame: Deneminater as the-ſecond, and * 


pd er ba the two Denominators, one by the other: 


Performing afterwards the Maire indicated in this Value, and. 
reducing, there will ariſe = = = == „ | 

© Wherefore when the particular alues of a 4, 1757 Ren |, are an 5 
tained, we have only te ſübſtitute them in thoſe two e Nen of 
x:and of , to obtain any particular Solution we pleaſe. 

Inſtead of diſengaging: & in the two foregoing quations, | and puttir 
the two Values which ariſe equal to each other, in order to obtain „en re 
is: manifeſt that if we diſengaged 5, and/afterwards put the two Values. 
which. Og RON to n MER to OW *, . Hon NE be. ty”: 
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the foregd- re Days, and Wa . Ciſtern 
EY — 4225 ee = (76 edn That afterwards yu firſt. Pipe runs 
ming two Days, and the ſecond three, Wile: * Reſervoir containing 59g 
*Hoglheads. © | 
In this Caſe 's = 330, 5 59: 4. 4 i935 „, {= 3, and 
5 conſequently 1 = 10, „ — c r J, bd — 4 = 313, con 
5 af=dc: 222 = $4 5.94 :-: 
gal SLE = 212 = 30, and = SPS 
. x; ee the firſt Roe in this e furniſhes 30 
5 5 e t Ys and the ſecond 45. 1 5 e „ 
| A FF 3 
= er. ne now ſuppoſe that the, ul Pipe remning * 3 Da „ 
| the rin even filled a iſtern containi | 
"herwands the firſt cunning.s Daps, andthe ſecond 6, they filled « Caf 
tern containing 10 . 
In this Cale 4 190, * c= 75 A 120, „ ane 
conſequently 3 de = 300, 3 Sora c 6:25 = 10, bd = "60 =< "7 4098 


, UE ae 
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. Wo erel-qualionb bs F cy =a, 
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+ hiey Won after eſtabliſhed as general Principles that -L divid y , „ener, 

produces I, that + divided by — produces —, that — divided by . neerain, 

HpHProdue — that — di ided — droduces , and ae 1 ming 
produces — that — divided by — produces -E, and the ſame for Mul-the fene of 


_ "Thoſe Principles were the more eaſily diſcovered as they refolted from ness. 
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i the Obſervations which muſt neceſſarily have been made on the Signs 
ound for the Terms of the Products and Quotients, in applying the - 
Rules given for the Multiplication and Diviſion of compoun Fe fs, Trl pr 
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To aſſüre ourſelves that the Multiplication of — by — fnould pro- Demente. 
duce + in the Product, let us ſee what Aſſiſtance we can draw from tion mm 4 
the general Method of Multiplications delivered Art. xLv. According id og rd „„ 
a — b into another c — d ſhould be ac — bc — a4 + bd, and con- ante 
fequently we ſee at the ſame Time that the Term 5 d which arifes from 44 8 ET 
the Multiplication of 5 into d has the Sign +, whilſt its Factors 5 and 4 other. _ 
have the Sign —. It remains therefore to know if when two negative 
Quantities, ſach as. — 5 and — d are not preceded by any C0 · ( 
Quantities, their Product will be ſtiſl +- 5 d, the Truth of which wilk 
81 appear by obſerving that the Method by which we found N 5 

r : 


* 8 


Product of a— Þ into c — d to be ac —bc—ad + b4 was not 
reſtrained to any particular Value of à or e, and conſequently took Place 


A+ 
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when thoſe Quantities were equal to nothing. But in this Caſe, the _ 
Product ac — be — ad + bd is reduced to + bd, wherefore _ 
SPIES. ĩͤ d EG GS 
_ As tg the other. Caſes, that is, with Reſpe& to the Nut On >: 
2 J 85 a ff : PRICES | | are de 
and Diviſion of + by —, they will be proved after the ſame Manner. monſtrated- 


e 4 * 


ultiplicat tion 


To return now to our laſt Application of the fotegoing Problem, it t 
is to be obſerved that after having found x = — / CO IE 
fhould be ſtill at a Loſs to know what this Value of x meant. The How the ne 
| Method the firſt Analyſts probably would have taken to ſatisfy them gative value 1 
| ſelves:inthis Points would be to return back to the Conditions of the burüaplse 
| Problem or which comes to the ſame, they would reſume the two V 
Equations 3 x + 7 y'= 190, and 4 x* + 6'y = 120, and try how tze 

| Values — 30 and + 40 of & and of y, anſwered thoſe Equations, ne 
| find firſt, that in this Caſe 3x >— 90 and '7 y = 280, conſequently 7 a 
| 5 1.9 = — 90 + 2, which in effect is equal to 190, In like ; 
Wanner 4.x + 6.7.18 found ta be — 120 f 240 which is re > 1208. 9 
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LL EM EN. T: 8 O ＋ r 
Having Fur: diſcovered how the Values — 20 1 + 40 we x 
Ay and of .y anſwer the Equations 3:x.+ 7 y.= 190:and-4 x + 65 =-120, 
we 50 ceive at the ſame Time how they anſwer the Conditions of the 
. for ſince the Uſe that have been made of the Quantities | 
x and 4 x, which expreſs the Quantities of Water diſcharged by the 
Hrſt Pipe in the firſt and ſecond Operation, was to ſubtract them from | 
7 and from 65, which expreſs the Quantities of Water furniſhed in 
_ "the ſame Operations by the ſecond Pipe. The firſt Pipe muſt 
= be conſidered in this Caſe as depriving the Ciſterns of Water inſtead of 
._ _ -furniſhin ng any, as it did in the other Example, and as it Was ſuppoſed 
in exprefling the Conditions of the Problem. 
We have here an Example of the ich we ht the analytick Art, 
1 1 we find in a es Caſes which we did not foreſee could be 
| . Pudel! in it. | Et 
=. | . 8. 
ee 10 In every FOG Ach ſolved after a ger) ks, the 3 
becoming 1 ſts found Caſes ſimilar to the foregoing, and they always concluded, 
24 —_— that when the Value of the unknown. 3 8 became negative, the 
5 e pat iar Quantity expreſſed by it ſhould be conſidered as being of an oppoſite 
-* fromwhat Kind from what it was ſuppoſed in <xpreſiing the nditions of che 


885 they were Probl 


Fo 8 | Wi. heen ſaid with Reſpect 88 Quanifities;: is equally 
Se on ot the -* applicable to known Quantities, that is, when a general Solution is ap- 


N problem, as plied to any particular Caſe, if an of Lo Sven Tl os ar dc. in in 


_ alſo known 
| quaneitis the Problem are. negative. f 


„ 
„ t Let! it be propoſed, for Fxample, to find what ſhould be in the lin. 
. . as of going Problem the Diſcharges of two Pipes that the firſt furniſhin 
5 eee — 1 ater during 3 Days, and the ſecond during four Days, may fill a Ci 


negative, © ern containing 320 Hogſheads, and that the ſecond Pipe afterwards 
ffurniſhing Water during fix Days whilſt the firſt diſcharges it during 
3 Days, may fill a Ciſtern containing 180 Hogſheads., 
8 We have only to put in the 1 1 Solution 4 = 3205 a 5. 
. 6. | 
And there will reſult dc = 720, 4 1920, ce = 18, bf 2 — 12, 
| 85 ae = —960,. d 5 = 540, and conſequently a f Fr = 1200, bf 
8 e. = 30, db — 4 E = N which lay x . 42 lo, 
45 - 2 | 
w—_ e 
From whence it appears. that ths Dial of the fl Pipe is 40 
5 Hogſheads a Day either to carry away the Water as in the 1 O 40 
ration, or to furniſh it as in the firſt, and the Diſcharge of the ſecon d 50 
5 9 A * which it furniſhes 3 in both Operations, 


andy = =.» 
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Probleme te choſe Caſes in whic | 
ſite Kind from what they have been Fo oſed to be at firſt, I ſhall give 1 
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9 es the Utilty. of aſſuming 


provided they include only two unknown Quantities... 
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U aceuflonr. Beginners to the Manner of extendin the Solutic 5 
df the given e are of an = 
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another Example taken from the Problem of Art. xxIv. in which it is 
required: to know: where two Meſſengers will meet, and will endeavour 


to "deduce! from:: the I. prac: ae Solution, the  Sokitiog, of * Wee 


Caſe ES: 
Two. Meſſeogers at vo ' Miles Diſtance from each other, dne eing 
for Example, at Newry, the other at Dublin. The firſt ſets- out from angie! 


Newry for Dublin at $ in the Evening, running at the Rate of 4 Miles Mn e462 5 


an Hour, the ſecond ſets out the ſame, Da from Dublin for Newry, at cities ww {| 
11 in the Morning, running 3 Miles an Jour, it ts required to Know = _ mr "| 


at what Diſtance from Dublin they, will meet. 


i ITT this Cafe with the general Ex reffion 6 the dar - 3 „ 
61, eee the Number Uf > HS | 12 —— 


5 55 = = firſt Meſſenger in a given Time, ſhould be negative, ſince 
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5 a 05 we muſt 7 Dn C by 1 ee) X-(e 6+ Ac . 
But before I; perform this Multiplication, I ekamine whether 
(4d —cc) X ” c 5 2 cd) be not a Diviſor or a Multiple of ſome Di- 
viſor of D. By inveſtigating the greateſt common Diviſor of (d d — cc) 
| x (cc act) x e As X c adde, that is, 
4 425 | T . 2c d and — dd, T es . 2 del. 
— 2 die; and. find that 7 ſecond of thoſe Quantities is the Product 
Hof the firſt into — c, and conſequently that the Quankity D is the Pro- 
i dof; 4d — fe) X- (661+ 2d c) into a ; wherefore inſtead of 
multiplying C by (4d ec) X (cc + 2:45); I divide D by this 
5 e ty, and the: Quotient is .(E) a. c, and as a — e divides C ex- 
2 N, I conclude, that; a — 6 is tlie greateſt common. Diviſor fought. - 155 
„ %ͤ ͥ “ùiV) 21 3 24 


| FAY 


1 5 1 The greateſt comm Divifor of two. ' Quantities may ſometimes. be 
manner of 6btained without having recourſe. to the general Method. For: e 
. fncing the y the two foregoing Quantities / (dd — cc X + f— ddee and 

r 44% — (2cc+4cd) x4 + 263 being ordered according to "Un 


ng 
of 2 and conſequently being reduced to this Form (a 42 c) * d'd .. - : | 


ttities in 


ES example, ceive that aa —cc is Dialer of the firſt, and e 4 4 Diviſo! 


foregoing — 6c c and. 44 4400 K 4 ＋ 2 e — 2 f a, it is eaſy t. 


5 ſecond. But * is diviſible by e - a, wherefore 4 is 2 Diviſor 2 
bf the two propoſed- Quantities; I divide therefore both one and the 
V other by ce a, and the Quotients are (e cC— dd) X (e +a); and 
„ 1 5 zeec; which by Inſpection are found to have no common 
„„ or, conſequently .c — 8 or 4 —c is. the ; common = Vie NN 
3 ee Danis . 


* 


1 Th, $44 F5 # 


CN 
# 0" hy # 
3 8 * + 4 % F W +: $ - 
3 . 5 


Ta | 3 - 70 f ; 425 $558 . ; 5 4 3 17 $4 15 75 
1 3 1 it be AA ee the ee 5 Dieidbr f eee 


7 9 whoſe Quantities 6 a5 15 3 — 423 C — 10a bee and 


Og ab —2yaado 
pos 4. S bee + 18.623, 1-firſt take away aa from all the Terms of the 


- "ets A- firſt, and 3 6 from all thoſe of the ſecond, whereby they are reduced | 


Found inde- to 6 a + 15 45 b—4asc—T0bce and 3 — 9 242 
WITS of ＋ 6 633 but as 5 is not contained in any of . Terms of the ſecond: - 

I method, 1 1 conclude, that if it has a common Diviſor with the firſt, it 

muſt have one with its two Parts 6 — Alec and 15 * 10 dec, : 
88 and that thoſe two Parts ſhould alſo have the ſame common 'Divifor. 
But it appear 


$ by Inſpection that 3Jaa— 2 cc is the common Divifor of: : | 
thoſe two Parts, wherefore it is the greateſt. common Diviſor of the 
e n and ee in ne, thoſs dee. by 


IT 
* 24 


* d 1 x 3 
++ il <> Fa, 2 


25 8 E Te . » AC 
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e Diviſor. 


| and the Number of Negſures which each Magazine contains of 


x different Sorts of Grain being given; 10 determine be n * a Mea: 
i. te of cont Sort of Gram, 4 


199 1 7 


: oY 


8PECIOUS ARITHMETICE. 
Quantities by it) the x ſucceeds, conſequent 


e ILXXIxX. 3 . 3 | wk 3 . 
Fd ht redes it is 0 to cc that . 2 


2 are required in a Problem, there muſt be two Equations given. 


Likewiſe when there are three unknown Quantities there muſt be three 
Equations in ordet to determine them, and in general there muſt be as 


% 


When there 
are three 
quantities 2 


quired in a : 


8 


un Equations as Quantities required. As to the Manner of diſen- —_— 


gaging the unknown Quantities involved in thoſe Equations, it is pre- 
ile; the ſame as for Equations eee two unknown Quantities. 
or let three uations be given, each inv olving three unknown Quan- 
tities x, y, z; if a Value of x be deduced from each of thoſe Equations, 
and thoſe erent? Values be put equal to one another, it is obyious 


there will reſult two new Equations, involving only 5 and x, which will 


| 1 be reſolved by the foregoing Method. If four Equations are given, in- 


volving four unknown Quantities, RE Values may be found after the 
_ ſame Manner, and ſo on. 


The Uſe of this Method will be more clearly underſiod by Help „ 
the following Problem, containing the greateſt 


tions of the on Tr ma Ree. n . are 55 . 
EE ceptible of. „„ Po nn Gr 


LITRE SY} IIR. 36 4 FEE 5 2 5 5 | 1 11 . 


mplication that Equa- 


The 8 of Fur, ae each coidacy 1 8 We 3 S Bron 


Let 4, 5, c expreſs the Numbers of 1 5 ect of Grain 


| contained i in the Arſt Magazines, and Jet n be wy Price of this M q: 


e 


15 1 


Let 4 „ f expres the. 1 of Mendurcs e. Sort of the 


in Kinds of Grain, contained i in the ſecond Ma © and Jon be . es 
dhe Price of this Magazine PA kl N 
Let g, 5, þ expreſs the 8 of Meaſures of ov Sort of: the . 
= lame Kinds of Grain compned i in the TY ee and let 5. be t ts 
i; Price of this Magazine. rg 85 


And let æ, y, z expreſs the Prices of 4 3 of each Sort eee 1 


— e 


It is manifeſt that the Price of the Quantity of the firſt Sort of Grain 


= er in the Magazine m will be expreſſed by 4 , fince a is the 
. Number of n of this Sort of Graig, and the Price of a Mea- 


ſure; in like Manner the Price of the n of the 3 Sort of 
Brain contained in wow? ſame Magaz 


the Price of the antity of the thei, Sort e of. of Gra an, the 15 | 1 15 
e e be 1 10 8 . ps Wherefore lines the e, 


by, and 
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ee 


* 


her, we | 


x 


Toy 6h 


_ _ | 1 5 whe 1 in like Manner the Conditions reſpeRing. 7 = 8 
"pF ue we will have d +ex + fz=nandga+by+iz=p.. 
It is now Queſtion . to, deduce from . thoſe | Equations the, Values b& 


4 


» 


4 


. Js 5 with oy Yew! I; 37 ink deduce the Value of x. from the firſt 
p tting this Vale 0 


548 5 * 
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afterwards "the ſa 
83 "EM i B35 4 W455 EE 5 bar | 
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eau tot that deduced from the third Equation, 
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. 4 5 | e ER 
„ Hutting thoſe . SITY of 7 Ec val, it is „Hemel * we will 7 
an Equation. involving no-otker unknown Quantity but z, and that foly- 
5 5 Equation the Value of z will be found! As the Calculations in 
ation would be conſiderable, I ſhall ſhe how they may be 
by employing ſome Abbreviations which, the firſt Analyſts + who 
IG e i 8 


* 
bY 


1 Tn Ps 
* 4 


. 


HR 7 . "tons by par Inſtead of an d 1 fobftitute . 
Sen Aol for a þÞ—gm, D, for ge —ak, E. for 4 5 — 2 37 
j 5 12 thoſe new Denominations h foregoing | 
VVV 4 * Bs - * | > - 


* hy Lo 
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"EA 1 5 8 226k 
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> 71 & 
555 . 5 15 N 70 1 + ; «2:03 | L * — 1 
Pl 7 * Fe ot ; hs Thy. 


the 650, for Example, we wilt have þ= es 


; | BD: — tn —afs Hock 277 TD 
re „ Mo 
„ ONAETDIEN ET, oa; | w% 7 Cs 
- This being done, I ubſtitute thoſe Values of I; and 2 in one Fr the „ 


. 41 3 > 5 | 
foregoing Values of *, in- * c 1 Lf 3 for Example, and there ED 

1 Fa. DC— 22 ay 

"7 reſults & = "3 D 2 — Tx „„ 

1 5 . —<X(DC—4P —bx (BD 4D) — 3 

TN do 7 F 


62 45 — 3 55 m WE 2 Fo — 45 42 4 2 22 e Vat „ 
85 5 98 N 2 55 55 T ( N — ab) EX" at — 485 1 2 e | 5 ff. 0 
: Wer” apply: 1 Me We} to an Exatlapte; Jet us Rte that (ks "IS „ 
Magazine contains 30 Reaſures of Rye, 20 of Barley, 10 of Wheat, 4 2: 
and that jt = 54 105, Ge of B „ 5} a0 
That the ſecond contains 15 Mea ures e, 6 0 Bar e len es 1 ol 
oof Wheat, and tliat it coſt 46 38755 1 . F þ at 4 „„ | 
That the third Magazine contains 10 Meaſures of Rye; of , BEES 5 
and 4 of Wheat, and that it coſt n T6 determine the Prices of | . 
— 2 Meaſure of Rye, that of f Barley, and that of Wheat, we muſt put. x . J 
1 ag = 30, 5 = _— 2 = 10, 1 = = 230, a. = = 7 e "= ROLE => 1, 5 NVö'— 3 9 
n= 138, F = 10, b , 13 3 . „ 555 
| _ Subſtituting thoſe. Values in; the. Pas, you will Ge: x = Pre 4 S 
0 7 2 3, and æ 3 ad of ber Price of a Meafore of Rye i is: 4 15 „ 
Shillings, that of 4 Meaſure of ey 5 rn nn and 0M . fy «Mea TFT 
” 9 5 of Wheat 5 W 2 Bi ) 
1 5 XLII. . 3 DTS 11 448 15 "= 
5 * 9 the. E uations of” the ee Problem a are che Wok We of Alan = 
! 1 firſt De involving three unknown Quantities, ſince each in- firit degrees 3 
_ . ,yolves three unknown Quantities combined with known Quantities, it in ick | 
follows that every Problem of the firſt Degree inyolving'three unknown tties are re. 
Quantities, is included in the foregoing, as ſoon as it 18 expreſſed; ana- duired ehen „ | 
He, Iytically.. To give an Example, let the following Problem. be prop oſed. eee e „ . 
I ᷑ here are three Ingots compoſed of different Metals melted Ln to- ae contain. | ö 
hs gether, of the firſt of wich a Pound n contains, of Silver 7 Oun- f bebe che 
x * Braſs 3 N _— of URGE en Jof the ſecond a Pound Son wal — 


IS: Sq? 5 = , 
| 5 . Dl S. 2 * * . 11 8 "oy As. 5 g 5 $i ens $i 4 ets * FA E- . ” * ee * 18 5 . T7 17 5 : 25 op 
a | 5 V 8 og Tor oY . 


x RAS 

3 9 : 

3 N 05s 

S 8 
1 4 6 rn 1 T4 


! — q Tis % $ 83 wen - 
1 N 6 , III by. 1 4 2 1 
A - <9 8." 4 4 _ 72 * 6 ? 
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1 1 55 | „ ELEMENTS OF 
5 . 1 1 Silver 12 e of Braſs 3 Ounces, of Tin I . and 
Pound of the third contains, of Silver 4 Ounces, of Braſs 7 Ounces, 
| 37 and of Tin Ounces: How much of each Ingot muſt be taken to make 

5 Aa fourth, | ich ſhall e of 9 8 . of Braſs 3 + 1 55 8 


— 
. . 


5 hoſe Ing ots 
i +5 28 feſt ü that 75 * will expreſs 0 uantity of Silver i in | the Por. | 
5 Te tion of the firſt Ingot, that 3 xx y will exp reſs what is contained in the 
DPteäortion of the ſecond Ingot, and that that contained i in the Portion 
þ EX: ate third. 5 
Wu”: ie Sum of thoſe three Quantities ſhould be 8 Ounces of Silver, 
CV there a gg Equation 7 # Þ+ T8 1 . 1 * = 8, or 7 * * 12) 
FFC 114 like Manner the Quantity 7 of Brafs taken * of e x the ang 
I.n gots, will be expreſſed by 10 5 x * and 1g 2 the Sum of which 
wald 5 34 . wherefore T5. x 8 0 77 5 + 1 2 = == 1 7 * or 3* 
„„ Ta Quantity of Tin Len of each Ingot, ba in like Manner . 
| T7 ine by = 1 *, g y 18 2, the Sum of which ſhould be-4 Z Ounces, 
5 5 r 15S A , or G +3 ＋ 5 2 68. 
3 Fo 1 We have no more to do now than to reſolve thoſe three Equations, 
„ joel which will be effected by putting in the foregoing Solution a = 75 
13 1 5 1 ny 1a, e = A, 1 Lad, 483. £28.39 f= 75 TINT! 60, Ry FRE tO. 
2 Fins oo 8 5 =, 5. 7285 = 68. | 7 
„ 1 pA Subſtituting thoſe Values in the Formulas, you. will god x = 8, 
THe. [ES = == 506 6 te e that is, we > muſt take 8 8 8 of the firſt Eos. 
. 1 1 ppp to. gerchive that if there age 8 . req 


7 : 


. ow 
8 by es problems Equations given,. the. Queftion is not limited to determinate; Quanti- 


| ties, but 45 capable of a Number of Solutions, which however are con 


| fined within certain Limits, as will appear by the following Example. 
RE. P There are three Ingots Fg Gold : The 2 Mark * of the firſl contains 23 
= „ em Carats of fine Gold, that of the ſecond. 21, and that of the third 18. How- 
=: 4} We 75 5 : much of each, Tngot muſt. be taken to compoſe. Zet. erde 9 . 
3A boch Mark containing 22 Carats of fine Gold. 8 
. Let x, 5, K e Wy Number. of Marks, to be taken of each OY 
3 e the Ingots.. 
ER... + It is manifeſt that 23 x will expreſs the Quantity of pure Geld i in 
he Portion of the firſt, Ingot, 21 y that in the Portion o* the ſecond, 
and 18 2 that in the Portion of the third. Adding therefore WO 1 - 


5 ” of 


BN . . The Mark contains $ Ounces. apa, eee of a Mark, | 


5 — 2 7 
* . - 
8 2 * 
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Quantities, their Sum ſhould contain 9 Times 22 Carats, co conſequently . 

N. + 215 2 f. 18 * 2 22 X 9. And as the fourth ingot compoſed 

5f thok three Portions ſhould weigh 9 Marks, x + y r 

"All the Conditions of the Problem being expreſſed, it is N 8 that 

the Queſtion is not limited to determinate Quantities, becauſe there are 
three unknown Quantities and only two Equations, but it is evident that 
if one of the three unknown n be determined, the other two 
wilt be alſo determined, and the Su ſitions which may be made and 25 1 | 
the Limits within which they are en ned, will be diſcovered by s PE 
thoſe Equations ;. which will be effected by putting « = 23. 56 21, 5 
c=18, „ 22 & 9, 4 1, e =l,f=1,n=9.. 

For then the Equation an —md=aecy —bdy Wo feeds” 
is re? to an — m (A , xy + (a - XE, 
or 22755 1 — RL, where T obſerve, 19 that the Produdt 
66 * of the greateſt Difference 4 c/into.z cannot. exceed the 
Product a n — m of the Number of Marks into the leaſt Difference, 

other wiſe F would become negative. I obſerve, 2%. that & en be 


ſuppoſed. = . becauſe would i in this Caſe become = = o - m ok 8 a | 
that is, the Fourth ! 5 ot would contain none of the ſecond, . which is we 1 „ 
cContrary to the Conditions of the Problem, hence the Limits Within . 1 1 | 
Which the. Values of z are confined, are = < 1 +£$ and 2 O, i j 
Sign & being employed by the Analyſts to denote the Inequality of the 


as Quantities between which it is placed, the Point being away Sr 
. refted towards the leaſt Quantity. 


It is manifeſt that all the Suppo „ 
mits win ſolve the e EE : 7 4 PRA 10 . 
Lt, for da . 15 4 Marks, mes 7 = = 1 — 5 * 2 


> l 1 


5 
N 
CS 


10 i ; for. 2 included Within thoſe Li 1 


; which devotes that if we take 1 + #1 Marks of the third 


N we ink take 2 X a Mark of the ſecond, and conſequently 6% off 
the firſt. In effekt 1 + 3 Marks of the third Ingot contains 28 + Ca- 14 | 
rats of. fine Gold, + a Mark of the ſecond contains 10 f Carats, and 
Bm 6 Marks of the firſt contains 1 58 +5. Carats, and conſequently the 


chtee Portions together contain 198 Carats of FA Gold, the ſame 
= V2 work that 1 is contained 1 in Marks, each Mar confilting. of 22 Car, 
1 rats of fine Gold: 


If we ſuppoſe z =: 1, then he 2, 2 ſhews that if we take r 
Mark of the third Ingot we muſt take 2 of the ſecond, and conſequently , 
6 of the firſt. In effect 1 Mark of the third furniſhes 18 Carats,. 2 


Marks of the ſecond vill give 422 . 6 1 of the firſt makes . 


o < 520 « 


hich paar 
ntity, as/is contained in 9 e oa 
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BILE, 
74 * & 1 * * 
. 1 { oo. Ke 08 
oy F * ; "3-4 
IF | : 


. FF 

eg dey to iis Method of limitin ing the Anſwers to. 
7 5 1 Yon of e of this Kind, here follows another Exam 8 Y 
F)) fe 4 Piece of Metal 'ta be popped, of Tin, Gold and Copper, 
5 = inelted down together, its weigt be 75, Ounces, its Bu 0 
deudick Inches, let the Weight of a cabick Inch 5 Tin be 47 "Ounces, es, 
5 1 that of Gold 11 1 Ounces, and that o pers 7 One. it is re- 
„5 ah. * to determine how much of each of thoſe Metals are contained 


LL 


vs: 


VI ze propoſed Mass. 33 
. expreſs the Quantities of cach of thoſ Metals, 
BE 1 . 75 Hp the. Cena l of Tin added to that of Gold and Copper ſhouts 
WE ones compoſe. the whole Bulk, x + 8 2 72 ET, = 80. And it d ing manifeſt 
EI 4} that 44 en refles the Weight. of he Quantity of Tin in the Mix- 
Q) 5 tue, 11 $5 that of the Gold, and BY z that 670 the Copper, and that 

OO _ thoſe three Weights together ſhould be equal to the whole Weight of 


7 


* 
2 

7 
"% 


ge: 


PZ 1 dhe Mixture, 41 +1133 ＋ 312 = 375 or taking en the race 

ö 115 tions 35 x 5 93% A = 300. : F 

] "4 1 justions expreſſing th the Conditions of the Problem ; "th . 
1 fy 5 wmaniten an it is not limited to determinate Quantities, but if one 0 ; 


4; 5 - "he unknown -Quantities be determined, the two- others will be deter- 
| :+ mined alſo. In order. therefore to ſolve thoſe two 16. 
:diſcover what Suppoſitions, may be made, and within what t Limits - 
are confined, put 4 = 1, b=1, c=1, m.= Bo, d | 
= 415 „ 3000, ſubſtituting E Values in the 
; X 2E there 1 


1 


* IE FR , £066 172 7 1 7 it 79 3 a, % 
So * 3 © * — 


rom whence it appe is that 2 33. Is fans 1s, "that there 0 he = 
33 I cubick Inches of Copper in the Mixture; for the Equation: — 
= 200, becoming in this Cale 58 4. 6 & 33 7 = 200 will be cha 

into 58 % + 200 = 200, from whence i is deduced 58 y = '200 — 200 | 
F "Sz that 3s, there would be no Gold in the Mixtüre, which is. con- 


4 
> 


* 


; a to the Suppoſition, but all the Suppoſitions for the Ti of. : 
- than 33 3 will anſwer the Conditions' 5 the Problem. „„ 
„ ſup ez = 4. *conſequently 6 * 4. 4 
„ er 322 which denotes that if the Mixture be 970 

A & cubick Inches of Coppe „it will contain 3 2 cubick Inches of Gold, | 
„ Hh 5 | conſequently 72 25 cubick. Inches of Tin, ſince thoſe three Quantities = 
ä 428 bo cubick. Inches, and 47 * 72 75 75 +. 11 7 | 
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8 . 200 will be chan 


125 + conſequently 73 x5 cubick Inches of Tin. Thoſe three Quantities 


I xxx, it will appear, that the common Denominator of thoſe Values is 17 


trary Signs be given, there will reſult ae — 5 d, which is the common. 


- — ge c, which is the common Denominator of the 


; in the Place of the Coeficients of the unknown Quantity, in _ given 
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11 we 0 dſe z'= 3, then 6 z = 18, and the Equation 58 y + 62 
bed into 58 y + 18 = 200, wherefore y = 7 = 

+, which denotes that if the Mixture is ſuppoſed to contain 3-cu- _ 
8 Inches of Copper, it will contain 3 2 cubick Inches of Gold; and „ 


"IT > wg %o cubick * and 4 4 X 73 25 * 11 7 * 3 3% . | ] | i! ” - 
LLKLXVI. 2: 


"3; is obvious "that when the Nember of Mine,, etal en Mt 1 4/8 
| Quantities is conſiderable, the Calculation for finding their Values ac- 3 "oF 17. ial 
cording to the foregoing Method would be very laborious, we hall & it ith 5 
therefore proceed to explain what Means the Aualyſts have found to re- ets . 
medy this ewe en 50 ah gens 1-15 1155 1 

On examining the 8 expreſſing the Values of the onkoows fog nd E 115 . : q 
_ * Quantities in the general Solutions of the Problems of Art. EI and tie a 1 


formed of all the Products that can be made of a Number of Coefici- 3 15 ol " 
_ ents equal to the Number of Equations, and that are taken each from a ons which 100 11 
1 Equation, and are prefixed to a different unknown Quanticy ; % ferred. Sy Wit 1 
_ thoſe which involve the Products of two fuch Coeficients having « con- e, 1 


ira 7 e 

e in two Equations involving two unknown' Quantities ker 1 1 5 ju 5 he Vl 
ax + by=c and dx + ey = f, all the Producte 2 9 be | - 
im of two Coeficients aki each from a different Equation,\and are | 
prefixed to a different unknown Quantity, are ae, 3 d, to which if con- 


Denominator of the Values of x and y deduced from thoſe Equations 

Art. vr. In like Manner in three Equations including three unknown 

© Quantities ax+by+cz=m, dx ey Tf Z = and g x + by 

he kz p, all ihe. Products that can be 2 of three Coeficients ta- 

ken each fr rom a different Equation, and are prefixed to a different un- 
known Quantity, are a e , ab % d dbc, dbk, g.b f, gec, and if con- Ne 1 

855 Signs be given to thoſe which involve the Produts of two ſuch 
Scene there will reſult ack—abf +4] c—dbk + gbf 


alues of x, y and 10 1 e 

* deduced from thoſe Equations Art. LxzxX., 7 _-. 
It alſo appears that the common Denominator is changed i into the". 

© Narnerator of any of thoſe Values, by ſubſtituting in this Denominator a 


uations thoſe which affect no unknown Quantity. 

or Example, if we ſubſtitute in the common enominator ae — db, 
eee e > and # of, in the Equations. ax .. = e, dx ; 
+63 =þ, tak fc high —__ e 
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ELEMENTS or. 


= 8 | 0 7 — . Fe which is the Numerator of the. Valge of 5, in e 
= . ſubſtituting in this Denominator for the Coeficients a and d of; ; 
_— thoſe e. and f, which affect no unknown Quantity, there will reſult”. 3 
Es e — bf, which is the Numerator of the Valve of x., A 
=_ Is 717 we ſubſtitute in the common Denominator a e + — 's bf + 4 be 
=_ - 8 5 5 —dbk+g6 4 — g & © for the Coeficients |, /, c of x in the Pow 
_ - 15 tions ax 55 ez D n, dx +ey +fz= n, 2 x ＋ NE 
= i > "=p, thoſe 5. 1 m which affect no unknown Quantity, there will re- 
1 bolt a e h —adhbn+ dhm— 4 b ip. 58 8 b 1 — gem, which 5 the 
* 5 = 15 * Nomerator of the Value of . N 
h 2 In like Manner ſubſtituting in this 898 for the Coeficients | 
+ 22 1 55 e, 3 of y, thoſe 22 1, m, there will reſult akn - 4 fp de * k m 
Eo - 4 '+£ m—7g rn, which is the Numerator of the Value of 3. 

I 


. Ws 


EA 235 nally ſubſtituting in this Denominator for the Coeficients g, d, 4 5 
Ws 2 | . thoſe p, u, m, there will reſult In — fbm + chn — 3 k n. 


I pep. which i is the Numerator of the Value 87 Mo 
F 3 
5 From theſe Obſervations the Analyſts have 8 this x cal Be... 
— " exterminating unknown Quantities in Equations of the Degree. 
3 5 : | nos for fd Let @, I, e, d, &c. be the Coeficients of thoſe unknown ade, 
1 5 — af z and A that which affects no unknown Quantit Fo in the firſt Equation. * . 
1 — ay. Let 4 5% , 4, &c. be the Coeficients of the ſame unknown Quan- _ 
__— => tities, and 4 that which affeQs 50 unknown Quantity, in the ſecond . 
—_ uation. . 
=. * kerle Fs 4 , PA 4, &c. He FOO Cockiciens of . the ww unknown. 8 
= . | ae. 1 and A” that which a no unte en are in the wee, . 
WE: and fo on. 9 
V;ſddaom the two Permutations @ nd 3 and write down a5 — bay 
with thoſe two Permutations and the Letter e, form all the 1 Dom 
mutations, obſerving to change the Sign as often. as c will N * 1 
N in ab, as likewiſe in 5a; and there will reſult „% 
N 460 — ＋ ea — bac + „ V 
With thoſe fix P utations and the Letter d, form all the Permu- 1 8 
tations poſſibte, obſewing to change the Sign as often as d will 5 5 | 
its Place in the ſangt Term, and there will reſult oj * 
| 8 * adbc—dabg-acbd + acdh—adch + dach . 4 clad —drabd 
* A bade—bdac Nd Y -c beda + bdca—dbea—cbad + e 
1 5 Bp: . "0 proceed in this Manner until all the Coe org of the firſt * 
Ws ko 7 1 5 Afterwards preſerve the Letters, "Shih: occupy the firſt Place, gi) ) 
1 9 mwdmoſe which occupy: the ſecond Place the ſame Mark they have in he” | 
EE - ond Equation, and thoſe which occupy the third Place the fame Mark 
5 5 2 have in the third of the Vo and fo on. And this Refult will . 
EE WES i; 7 _ common ay the Waters * W I 


5 25 
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sprelous ne F 
common Denominator being thus formed, the Value of FY ill 


% _ Quantity which reſults by changing & into A in all the Terms of the 4 1 
Denominator, and in like Manner the Values of the other. unknown ds it jo 1 
Quantities will be obtained. i 1 

Hence if there be two Equations and two aukiown Quantities, nh Te 1 1 „ 


18 . The con by giving to this Denominator the Numerator which is 5 ſe _ ; Ny 1 
found by changing in all its Terms à into 4, and the Value of y is the _. ne 
Fraction which has the ſame Denaminator, and for Numerator . ___ 


4 * ＋ 5% = A, 4 * 79 A, the common Denominator will, be. : +2, "oo 


24 oral - 8. : op „ 


If there be three Equations and nee W Quantities s : x + 3 7 6 5 Wd: 


common Denominator will be »Þ dow ac + ea % — be. 4 
'X bdd!'—VHd, or ab U'—ab'! + dic —db"'+ oh on” "oh "7 EE. | 
e, or WH — 4 5) e, + (5 — 4 WY + ( % - . 


„„ d" x EN e 
d, == A, fx TH TEN Z the common Deno- 
- minator will be found after ranging the Letters in alphabetic Order to be 


ab of d, 4 eln di +a I en % a Ved 4 Ek 2 7. 1 3 
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7 renee is formed of the foregoing Denominator multiplied by one which  __ 

Ei A the next Letter in the Order of the res Grove which it does not in- have ſerved 

> - _echude, this Letter being affected by the Mark: which” immediately fol- 1 
lowes the higheſt of thoſe in this ſame Denomina tor. . 4 


29. That the ſecond Term is formed of the firſt, by cable ae: Wn | 


- higheſt Mark in it into that which is immediately below it, and that _ _ „ 


. which is immediately below the e into the bin as. 3 by. wh © 

* = > Fa * We 78 1 3 F 4 
_ changing the Si F 
in it be 2 3 5 


3% The ied Term 3 is. formed of the firſt; by changing 3 
E Mark: into that 5 two Numbers below iy and that 0 two 8 | is 
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F777 +02 =4, o x +5 +2 = 4, ce ny 


If there be four Equations and four unknown. Quantities @ x + by _ 


. 4 
a | l i $4. 
4 3 
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92 % 3 3 i + - 3 5 
- * * * 1 7 1 
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* ES + 5, ': 
| Nor it is eaſy to obſerve, 19. that the firſt Term of any 1 thoſe 4 enn, 
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. The fourth 3 is | formed of the firſt @ by is ay e bighef Mark 
in it, into that which is three Marks below. it, and reciprocally, a 
alſo by changing the Signs. 

For Example, the ſecond 3 "au for firſt Term (a Bd BY „ 
Which is the firſt Denominator multiplied by “, which is the Letter 
Which follows. immediately the Letters a. and 5, and which has the 
Mark , which follows immediately the Mark. ',. the higheſt of thoſe 
r enter in the Expreſſion 4 0 — 4 5. 

The ſecond Term of this ſecond Denominator. i is * 5— 4 FU "Wi 
8 is no other than (ab' — 46) 6% in which the Signs have been 

Len and the higheſt! ark“ into which is immediately, below it, 

Which is immediately below the higheſt into the higheſt ”, and ſo on. 

215: — the common eee of the Values of the unknown 
* in any Number of Equations is eaſily determined, for Exam- | 
Ple, if there be five Equations and five unknown Quantities, .the _e | 
mon een will 0 n N this Method to be 
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25 5 When there are as many ſimple Equations given as Quantities. res Prob! 
- quired, Een ſpeaking, the Problem is limited, but in ſome parti nick fur- 
cular Ca 


1 
8 
* - 


es it may be unlimited or indeterminate, and-in others impoſſi- 5-9: 5 


ble, this happens when the common Denominator is found equal to no- quantities 


thing; that is, if there be two Equations given, when a — a þ o, ine 


not always 


if there be three, when (a# - , ＋ C —@&b*}Ee:o+ e 5 limited, 


—&Þ) o, &c. then if the Quantities 4, A', , , Ke, are in fome-cal- 1 


ſuch that the Numerators are alſo equal to nothing, the Problem is inde- 2 art wal" 
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terminate; becauſe the Fractions g which ſhould expreſs the Values of the in ober in 


unknown Quantities are indeterminate; but if the Quantities 4, 4, A, bd, mth ; 7 | 


&c. are ſuch that the common Denominator. being equal to nothing. 7 


the Numetators or any one of them is not equal to nothing, the Prob- 
lem is impoſſible, or at. leaſt the Quantities required are all or ſome of 
them greater tham any aſſignable Quantities. For Example, let there be 


e by 
he 


| Quantity, it follows that & and I are greater than any aſſignable Qn. 


I fk the unknown Quantities. be diſengaged according to the ordinary” | 


. Method, there would reſult this abſurd Equation 3 = , ſor the firſt 


Equation ger „ F and the feegad f + Wikis = Rn 


: 5 +3 = 4y +4, or r = z, which is-abfurd,-if x and y are aflign-. 
able Quantities, but if they are greater than any aſſignable Quantities, it 


may be ſaid without abſurdity, - that x = 3 ＋ 7, at the ſame Time 


that x =4 y +4; becauſe the finite Magnitudes 4 and 4 vaniſhing in FR i 


Reſpect of the infinite Magnitudes x and 3 y, the two Equations 
* 2) +Fand K =I) +3 are reduced to 7 y,. which involves: 
no ContradiQion, e et Foe SOOT NGna 
The greateſt Difficulty which commonly occurs in the Solution of a 
Problem conſiſts in finding e 1 from the Conditions, 
becauſe it often happens that the Relations neceſſary for forming Equa- Riles for- 


tions are not expreſſed in the: Conditions of the Problem, In this Caſe Alas KS 
the Analyſts examine, 19. whether fome Quantity known or unknown, equations _ 
whoſe Relation with the other Quantities can be expreſſed by an Equa-' Ry 


tion, may not be introduced: into the Problem ; and if no ſuch Quantity : 
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way be expreſſed > 
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given the two Equations 2 ="3 x — 2 and 5 6 x—4y, chere 
will reſult x =} and. y =-3. Now. as O is leſs. than any aſſignab[fe 
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ELEMENTS or. „ 


| Es 8 1 a, b, c, of the fame 3 wk of a given 
| Problem, * © Extent, m which the Grafe s grows uniformly; a Number of Oxen T will. 
= Bo: . ent up Ihe · Huflure a in a Number of Days e, and a Number of Oxen f will . 
_ 195 5 Oi = 2 flure b in a Number of pf Days g. It is re uired to find the 
=_ N of Oxen x which will eat up the Paſture c in a e ud Days h. 
- It is plain that the Conditions of the Problem do not expreſs the Re- 
Iations requiſite for forming Equations, but as it is Queſtion of the 
—y— + Fun, of Graſs in each Rao when the Oxen entered & what grew 
__— «during their Stay, I divide the 'Oxen of each Meadow into two Herds, 
bes 1 5 5 1 ſup pole the rſt to eat up the Graſs grew in each Meadow when 
E OY i 72 So. bey entered, and the ſecond to eat up the 'Grals which 80s, hence 
ORE A ſoppoſe 4 = +2, I, x=5 + 7. 
. | . 55 * | 4 95 I firſt conſider the Oxen which eat up the Ural N grew, and 
8 * 1 that the Number of Oxen te eat up a Meadow ſhould be 
WWʃi greater in Proportion as the Meadow i is greater and the Time is 1 51 


8 X POR © 14 OE . T make the two. ; N tions af 4 = = 8 N and 7 2 s ==: * 
8 trom whence T deduce "OA = —— and - 8 . 


III kxnext conſider. the Oxen "7 eat up the Graſs which grows whilt 
REY 15 ah others gat up the Gras already grew, and obſerving that their Num- 
wbber ſhould de gi eater in Proportion as the Meadows are greater, without 
Va‚any Regard ee had to the Time. I make the two Proportions 
os £7" barks 5 and z:r ne, 8 70 whence 1 N the Values of 


. and V- == and r = < | - 858 
3 oy Now having ſeven Equations ws 5 ankoongiQ Quantities, d —= by 5 
0 . 8 : Fei + us = — 1 +, , 5= 2 . 5 8 | 8 
_— _ Subſtituting i in the third 3 for s and r "their Values, there reſults 
—_- L et IR Equations d=y + =, 


3 dee hols Values of 7 PE z in the a * = 22. F = ; 
COUT Ry 
1 1 75 abgh—abe | | 
=, 08 apply this general Solution to an Example, let the firſt 3 
. contain 3 7 Acres, the ſecond 10 Acres, and the third 24 Acres; and let 
1a Oxen eat up the Paſture of the firſt in 4 Weeks, 21 Oxen eat up the 
Paſture of the ſecond in 9 Weeks; and let it be required to find how 
many Oxen will eat up the third in 18 Weeks. B. ſubſtituting thoſe 
5 Values in the 1 Solution, the * will be and to + bo 3h. 
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AVING fully explained what concerns the Solution of na 5 5 
. of the firſt Degree, Order requires that we ſhould paſs to thoſe of the 
- fecond Degree, which we propoſe to treat of in this Chapter: As (o 


the Manner of expreſſing their Conditions, it is the fame 'as for: Prob- 


lems of the firſt Degree, it is only to ſolve the: Equations to which the 3 9 | 


Problems are brought, that different Methods are employed according to- 
the Degrees of thoſe Equations. Of this we have an Inſtance in the 
following Problem, which in its full Extent includes Problems of eve 
Degree, and is not more difficult to be ne e in the 2 
* Caſe as in the moſt W „„ 
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A Merobant having placed a Ss a * Trade, fading — t 44's as 5 
1 is willing to withdraw at the End of the firft Year, but having Fr TY . 
ex 
econd, third, or in general until the End of | the nth Year, be finds that the —— 4 
Sum is diminiſhed by the Quantity ba more than it was at-the End of the PE 8 


Ft 
WES, 
* ow: 

3 bf 


miſſed the Opportunity and not being able to obtain it until tbe End of the fn 


13 Tear. It is required to determing bow much per Cent. bis Lofe amounted d 


t x be the Number ſought; that i is, Kt each Lioo lot 2 2 0 


End 5 the 255 Year. Making the 1 100: 100 —>x=a: 
4 * —— the fourth Term a * — 


will expreſs what the Sum @ is reduced to at the End of the firſt Var, 
If this Proportion be continued b * 0 100.2 100 — * 
2X (100) , aX(100— 2. 

72 5 e, the fourth Term 


7 . 
8 * {100 — =, or 4 X (: — —_ —y will expreſs i the MEND 


410000 00 


or a N 1— . 


1 is reduced to at the End of the ſecond Year, and what the ſame Sum 


4 is reduced to at the End“ of the 1 will be expreſſed bp + 5 


= 55 and i i . what it is reduced t to at the End of: 


4 * ( 8 


| the ath Yer will be expreſſed by a * 4 — — 


| ples by the Quantity I — 1 - raiſed to "the + Power ns 
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5 "Tr now it was. propoſed . find the 3 to be ſolved, fi ne: 5 
the an * have W at a the End of — . . 
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| kr MEN Ts or. 
— ths Qui a x(= =D al put equal to 
a eg the Quantity 4 Xx 6 a) diminiſhed. by the Quantity b, which 


ES us e ſe- 


7 I will give « 4 (x — = 6 ==) — b, or mlphin 2 
„ . — — 1 iel, 8 indicated 12. 15 d oY | 


1 5 8 he.” | 
HY e Year, the Equation 10 be ſolved will be 2 x 6 — 2) = 


'F 15 Auced t to 2 — 2000. = — x0000 == , Een of. the fecond 1 
. be, for to ſolve which the foregoing Methods are inſufficient. | 


III. 


I the Merchant is kippe to withdraw at the End of f the 0 third 


100 


4 0 =) —b, which by multiplying I —— twice e by, it 
el, a the Fee 3 indicates, N | „ 
| Ei ox (as 


3 or 4 — - 300 xt Fo 20000 ate = Fl an Equation more dill 
| « cult to be ſolved than the foregoing: . 1 


* 


6 


IF 4 : Bed Ph 


A As to the other Caſes it is ey to perceive how the 88 they 
„ furniſh may be formed, and that the a will be always of a De- 
6585 gree expreſſed by the Number u. If this Equation in general without 
pecifying the Number u be required, it may be obtained by employing 


the general Expreſſion a ** (: * of the Quantity to Which a 
pH 1 is reduced to after the =th Vear, and the Equation will . 
e ee 


We ſhall for the BE ag nk e to che Inveſtigation of the f 1 
- Solution of that 1 5 of the e in red its UT nt is of tha 2 JF 


% 


7 * OY 3 ae MES n 


e * 3 a wants ws F RE 4 
; srzelobs ARITHMETIC. Oey 4 . "of , 
f ther we ſhall inveſtigate 2 Method for ſolving in general all Equatio ns of Ve 
che ſecond Degree. Thoſe who are Jer of folving the higher hes. „ 


of the ſame. Problem will eaſily effect it after they have ſeen the general 
Methods to be explained hereafter correſponding to the different De- 


E of thoſe Equations. | 
What moſt naturally occurs in ſearching for by Method for Giving in — 


on of the me 


general Equations of the ſecond: Degree, is to examine the Relation 5 
e er oat between thoſe. Tau and the Equations of the firſt Pee _- 
Degree. Now it is evident that every Equation of the firſt Degree will ons theſs 
become one of the ſecond, if the two Members be ſquared, for Exam. a eres 
ple, x+a=b becomes, when ſquared, & ＋ 2ax+ = 525 "og e 
_—_— therefore to khow whether by a contrary Operation eve Equa- „ 

on of the ſecond Degree may , woakgnche %% ol 
we ber" us t for ample, the Equation * px and, tvs „%% 
if x*— þ 1 9 is not the Squate of ſome Quantity Yo 7 rt Part C 
i is x and T the econ a known Quantity, in order to find by this | 
Means the Equation. of the firſt Degree, Which being ſquared, would. © © 
become & — px =—g. Now it is eaſy to perceive that x* — px is 
not a Square, but at che ſame Time it is manifeft that it may be made 
done by an Addition of ſome Quantity, and we are at Libert to make 

5 e eee provided t the ſame Quantity be added to the other Side or 

tne uation. *G* 
Te find eh is Quantity. which: added to 4 _$ Ss wart render x e 

eat Square, we have no: more to do than to compare it un the 

Square x* + 2 a x ＋ 44, the Term 25 correſponding wit 2 6 *, 9 . 

Will correſpond to 2 4, and conſequent y a to 1 5. Now eas t is what 4 
compleats * + 24%. into a Square, the Square of —1 55 that is, „ 

Will compleat ** — . into a uare, that is, 4 — x ＋ 1 b will Ly 

be a Square, it is one in effect, Viz. that of x — 4 % when 2 > wal „ 
and that of 25 — x. 2 x < +p. . Having, therefore added j $* to - +. + _Þ 


the firſt Member of the 


| 5 the ſame MY be added to the ſecond, 
| and there reſults g * + 5 x þ* — H* — Now either the Quantity 5 | . : 
x 1p or 72 entity 4. —X multiplied by cs ofa G—p#e*EDS. 
_ wherefore TIES Oh or, . will be equal to the Number -whic Eat 
multip lied by x „Which is expf reſſed in genera The fg 
thus, "7 (x Þ* — 9)» FS; Sig gn 47 being employed by the Analyſts to in- indien 


_ dicate that the uke Root FF, the/ Quantity _—_— Which it is dad 3d e. W 0 il 
to be extracted. i 
, 7 this Denomination. * — 1 þ= * 46 = and 


i 4p: — = » from whence is deduced es 
3 . 7 2 . 72 The 5 + being je by the Ana- deg:ee has 
175 Ii cle in ne wal the a 1 Me the 88 WAH: | oO TO) | 


S 12 | 

N . BESET - 1 8 * TN th 3I * 9 * Ys CK „ 

5 5 „ W 1 Mt. 1 65 6 N 4 * 1 5 &S CW: et He te ITS WF 72 1 £44k 
EEE * „ . . 


- 


* * * by Ie 
22 2 CY Mg J 7 3 1 
. Ye * 8 

F > 55 g 


3 


1 10 . =” 


us now. apply 8 ane We to 2, Equation 3 | 


7:8 * 123 * * 


5 Sho £ 100 ny to which we were lech in- the ore g debe. 
* N paring this ; Equation with 2 — 7 — . we wil have 7 100, 
> i 3 

1 We 10000 — „and fabſtir rating thoſe Values | in the Place of p and 7 
FEELIN ON 1 . 
FI, a1 "iſ the TOY, el 1 8 8 2 5 T * 47 — — 4. ve. will! haye, "IAG 

1 5 : mn i | (2590 —1 10090 7 HTS rt ee + >}; N ene 
1 125 haves Jo . bt wet OTROS, 55 N „ . 5 15 
. : S 15 FER 5 i VII. of > diy f e 

¹'ỹ»»fj we. may. reduce to. A more fi mple Foch the radical Part Ae 


Ei, IA 2 5 „(250 — I0000 2) of this Value of * by 3 


5 the the ſquare Root of the Product of two or more Wwaitities is the Pio - ; 
RH product into Hil of the quatre Roots of thoſe. Quai, fot Teſolving* 2 50 


i; 3 | . ooh | — 70000 N into its, 'Fadtors 2500, 1 5 , ad nne 


RR. | eee | Roow of thoſe two o Quantities we e wilt have 504 and * ( — 


"I 


1 0 | Ae to the Penn ien "of 0 at n Jedi we 4s 
1 | ProduR is obtained by multiplying the Roots of its Factors, it $4 
may be found, by obſerving that the Square of a Product, as a.b, is 
5 eee ore a0 & bb of its Face and 3. | 

V „ e 
. "To: make: Uſe of this Value of x, nothing HON is require ed that t to. 
| Example of iow the Ratio that 5 bears to 4. Let 3, for Example, be x" 15 of a, 
„rig prob-" that is, let us fuppeſe the Merchant to have found Ie Sum at the Ent 
of the ſecond Year, diminiſhed by a Quantity equal to the 2 of the 
Whole more e than it was at the End of the gent Lear, according to this 


| hence-the Rot 


175 


= 


3 4 8 I | TY et 7 2 905 5 
1 effect thoſe IR of * ables the Equation "Y AE - 100 8 
3 — Any into which, the. Equation hu —-100. FD — 1000 2 

f RY n 438 &- * : FE 5 ( 2 

tr | bk Supp« tion 1 of = = br whether „* b 


| Gale =.00 or 1 | 5 — 100 N becomes — . 0 50 155 | | 


* Sha 
- 


Se 


i The N 3 the two eee ee 40 will . F3;%%ͤ Re. 
more ſatisfactory Manner, as follows. Let us i An rn * = . | 
. ae is that the. Sum of {100000,: for Example, i is diminiſhed. 60 „„ +2 ne 
Cent. yearly, it is manifeſt that at the End of the firſt Year it would J 
de reduced to £40000, and at the End of the ſecond Year it will de re- Wi 
"duced to £16000 ; but £16000 are Jefs than £40000 by £24000, N 
are the A of Lto0000, as the Problem requires. FN 
Let us now ſuppoſe the ſame; Sum of (100000 to be ie | 
per Cent. yearly, at the End of. the firſt Year it will be reduced to _ | 
L60000, and at the End of the ſecond to £36000, but 36000--are-leſs - _ 
Nm. the Sum £60000: by: the Quantity £34800, or the x roof: mpeg] . 
5 ap Mato bob | 5 4 
If b was ſuppoſed to be the +; of. a, then tas 5 50 7 149 dag „ 
o + 50: 50 +: 30, ©; Ws. e N en which wil OD a) „ 
de found in ſolve the Problem. | een ed 35] l 
3 i : e rie PUN 8 4744 bang” ah 4 re 71 5 5 


og de e = 1 e will reſult x 80 1 0 0. ©: — Wy 8 Hindman | 


50 + $0 4/ — but as the Squares of all. Quantities are We He it heady wt 1 
8 that the Quantit . — 1 cannot be aſſigned, or rm, comes negative 
to the ſame that the Problem is impoſſible in this Caſe. Reste 83 | 
Hence we may conclude that there is no poſſible: e | chich FRY is oped Ee: 

© Nituted for x in the Equation x* 10 — 42222. will tender-the N 
two Members equal, or what comes to the ſame Thing, that the Suma 
cannot be leſſened each Vear 3 any given Proportion, ſo that 
from the ſecond to the third Year the Diminution may amount to a "MY 
Quantity equal to a 'Third of the whole Sum. The Analyſts however - EAT 
* as a Kind of a Solution or Root of the-Equation x* — 100 * Theſe roots 
, the Value 50 + 50 %» — x. which reſults from thence, e e 
but they call it an imaginary Root, and this imaginary Root on Account re 
of the Sign + is always conſidered as a double Solution: 1-144e Equations 
From the general Value of x, 4 þ +4 4 52 — 9), it Ape that 1 
en as the Quantity deſigned by q is negative and greater” than 4 I þ*, . — I 

2 the two Roots o the Equation ** — p x = will be both. 1 imaginary. 15 N ; 


Joe 0 TELLS, 7 +1 
. the "Roots: of an Equation or the Valoes of. the . The real 4 4 
Quantity are real and poſitive, however they do not always; 20 in the 40d poſitive » OY 
foregoing Example both ſolve the Problem. Let the: following Queſtion ea | 
| be propoſed. 4 «3 ha. 3 
- The Sum of £190 Was Wee between We. Perſons; hoſt 8 were Fay 8 or 3 
n geometrica rtion, and the greateſi of them exceeded the leaſt by £50. V 
What were tbe . Shares ? om” of D £5 ie „ 
If x be put for the leaſt of them, then the 00 will de * 8 30, Firſt exam- | i: 
the Sum of which two ſubtraed from ( 9075 oy 9 TORS N 2 * 1 N 


8 | 8 . „ 


— 


2 3 
1 £ 5 


$ 8 bee mean Share: \Therofors * 


2 * : 


3 2 | hence i compleing the, s . 


1 — 
IT ES 


ed read and _polnive Nan bers the ert Root only. ſolves the 
. the other two Shares beiug 60 and 90 Pounds. 
. As to the Root 163 J it ſolves che follow in Queſtion. + 
EY 185 A Sun of Money wa. Aided between three Per ſont, -whoſe 
=. 6,0 2 ee Proportion, the greateſt exceeding. the leaft ' £50 and their 
V 2 exceeding the mean Share by {190. | What: were the Sharet? 
3 . 0 N | : For rags wire 1 of his 8 e is (2 * — * e = x2 
SJ x, from nge ' ref th n. ag in ore vg. 
b on 1 | eflion, - and” Wor Caſe ME my a the rn 1M 
FE . # + 4 =} 50%; eius not only (140 = 
1 o x; but alſo (2 x — 1400 =a* + 50 x, which are the 
5 Te 955 analitick Tranſlations of two very different eſtions, the firſt of which 
= e 7 ** = 4, the latter 163 4, whetefore the Roots of an Equation, 
_ 7 5 h real and poſitive; do not both folve . in the enſe it 
„ bs! ap 0 2 but -confidered! in two different Lights, which Difference 
5 He 15 cannot be — For a, farther If ran Bere follows 
Ei _ another: Exacple. ek A 
= 1 817 „ fe, au is the fond Times the one | from? Dublin, the — 
econd ex-; Hen Londonderry, the former fer .Lopdonderry, the latter for. Dublin; 
e Leuben they nes u 4 bud computed their” Fournty, it war found, that the fer- 
: ad, mer bad travelled: "thirty Miel more” than the latter, and tbat at their Rate 
5 Nr Travelling, the ormer expected 1 to reach Londonderry in four Days, ih 
| - the latter to reach: Dublin in nine Days; ; the Diftane b between Dublin Ml 
KY Ep £3 | Londonderry is required... ind 
45 7 . I put x for the Number of Miles bibtwoen Dublin 5 L 1 3 and 
LIES - fines the Dravellers both together had travelled x Miles when They met; 5 


22 3 ** 30 
Sy | had cravelle ir +: - Miles, and; 


; EA 8 wt = les, m_ to the firſt Condition. of the, Problem, 1 mY Pa o 
5 1 5 7 tos: the 8 Part of the formers Journey to Londonderry. is 


2 Er re = Mis which. 16e tn, g i ur. Wen 
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ECTIOUS ARITHMETICK. 
an the litters dae . e. Mites, vnc be e 
ade Ne enquire into the Number of Days 


7 mg 1228 ; 
| inen ne T1 ; A 
* 2 , 7 8 = 8 
* A . 3 4 l * 
1 „ : = 8 2 1 te x "I f —— 2 4 ; 
. OY K , — N 4 = 2 y * 
4 * rs # r 4 3 775 . (4-73 y þ 4 EY #59 2 : * 
8 41 * 4 * 


8 Number. of - . by the Former, and 


; £50" 1 vas 30 29 . Number of Days travel-- 
led by the e but as they both ſet out at the ſame Lime and are 
now met, they gut haye travelled; the ſame Number of: Ders. 2 
2 , which after the necelſary 
dof; nes” * — 156 — 900, whence. by 3 * 
Square x 186 * + 6084 = $18 conſequently = 150.0F- x= 6, „ 
therefore the Diſtanee between Dublin and Londonderry muſt either be 1 7 Po 
150 or 6 Miles; but 6 Miles it cannot be, becauſe when the firſt Tra- . 
veller came up to the Latzers he had travelled 30 Miles more than bim. 5 
1 had not yet reached Landenderry; therefore the Diſtance between | | | 
Dublin and Londanderny is 1 50. Miles; for then the firſt Traveller ans . 
have made 75. 15 or go Miles,. and the Sopot Jes 1 5.07.60, Miles, „ 
from the Time of their» ſetting out; therefore the r has 60 8 Ge, „% 
and the Latter 90 Miles to travel z but if the Former — 7 Nags + e 
Miles in 4 Days, he muſt at the- ſame Rate have travelled go Hes in Ie 1 
Days, and if che. Latter could travel go Miles in 9 Days, eee . 
bave travelled 60 Miles in 6 Days, as the Problem requires. „ 
As to the ſecond Value, x r 6, it ſolves the following Problem . 
+. Two-travellers ſet aut at the:: am Times the- one from Dublin, * e 
. | W Swords, the Former with a 10 paſs through: Swords, and tis © 
: | Latter with a: Defign:ta travel the ame. Way, The: Former bud overtaken . 
5 the: Latter, and having computed ibeir Fourney, it was found that they 
; | bat -both- together. travelled: 30 Miles, that the Former - bed paſſed: through. © 
Swords 4 Days before, and ibat the Latter at bis Rate of Travelling, war © 54 TE 
Ef FFP Dublin;  7be-Diſtence of Dublin from. „ 
8 is ＋ ; ; : 
For if: Fan for the Namliecef Nidda fd Dublin to Se then. | 
| it is. pig. that the firſt Traveller muſt have travelled more Miles than the - fo 
Latter by. x but they both together travelled 30:Miles:when: they met, a 


wherefore the "firſt muſt have travelled ES, and the Latter muſt 8 
2 have travelled. / Nes - Miles, therefore i the Tis of the inf from 195 e 13 


5 dane, alter he ad overtaken the ſecond, was - 
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= . 7 Fs Os I = 3 * * * 5 e 
. 4 FR 8 8 6 3 
5 Fer 5 2 — ; RE be Ws by AF. > 
8 , 1 8 833 N — 7 Se I bs 3 ES" 
C 4p FM . a * 
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— — pe — — 2 —— 4s — 
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ee al eh AE 1 —: Moat ä ih cram nn. an - _ * * 
as - ” Pa. 2 * o 0 _ * ” = * 
* ** 4a." Gas. of il 8 9 * £ 22 * * 9 9 5 = «wi N p £4 ths * , 4 — * N K : * K 5 — * * 15 * — * 4 
* STS | MM ; 98 5 2 wh N hs I Edt as RO 1 R — y r 2 * V 
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* 8 = iv oh Rn of 2 7 F 
: y * 4 ©. A 7 W . : 5 7 # 4 : 
b 5 £ 3 q wo * - « y g * 4 
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7 : 2 ay | 4 e , a , 
* - 67 4 
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. General It is eaſy tqperceive that any 
rule for re- 

ſolving equa 
tions of the E a . Eres 25 
ſecond de- involve the unknown Quantity to one Side, and the known Terms to 


by the F 


TIE 


8 % 2 


„ 3 3 
1 by the Latter; and as they both ſet out at the ſame Time, they 
muſt have both travelled the ſame Number of Days, wherefore 
23 z 2 2 2 2 which after the neceſſary Reduc- 
tions, becomes æ&2 — 156 x.= — 900, the ſame Equation as found 
above, whoſe Roots are æ = 150 and x = 6. Wherefore the Diſtance 
between Dublin and Swords muſt either be 6 or 150 Miles, but 150 
Miles it cannot be, becauſe after the firſt Traveller had paſſed from 
Dublin beyond Swords, and at laſt had overtaken the ſecond, they had 
both travelled but 30 Miles, therefore the Diſtance from Dublin to 
Swords muſt be 6 Miles, and this Number will anſwer the Conditions of 
the Problem, for then the firſt Traveller when he had overtaken the 
had travelled 15 ＋ 3 or 18 Miles, and the Latter 15 — 3 or 12 
Therefore the firſt Traveller had got 12 Miles beyond Swords 
mn 4 Days Time, and the Latter was 18 Miles diſtant from Dublin, 
Which he could travel in 9 Days, but at the Rate of 1e Miles in 4 
Days, the Former muſt have performed his 18 Miles Journey in 6 Days, 
and at the Rate of 18 Miles in 9 Days, the Latter muſt have per- 
formed his 12 Miles Journey alſo in 6 Days, therefore from the Time 
bk their firft ſetting out to the Time of their Meeting, they had both 


_ travelled the ſame Number of Days as the Problem requires, 
Equation of the ſecond Degree may be 
reſolved. by ating the Proceſs purſued in reſolving the foregoing 
Equations, which may be expreſſed thus. 19. Tranſpoſe all the Terms that 
the other Side of the Equation. 29, If the: Square of the unknown 
Quantity is affected with a Coeficient, you are to divide all the Terms 
by that Coeficient, and if the Sign of that Power be negative you are 
to change all the Signs of the Terms. 39. Add to both Sides the Square of 
half the Coeficient prefixed to the unknown Quantity itſelf, and the 
Side of the Equation that involves the unknown Quantity will then be 
- © @ compleat Square, 49. Extract the Square Root from both Sides of the 
| _ — , Equation, which you will find on one Side always to be the unknown | 


2 


= 


— 


— 


8 5 EC 1 0 v 8. AR IT HM Kr ck. „ 
Sunne + with half the foreſaid Coeficient ſubjoined to it, ſo that by 


ane this half you may obtain the Value of the unknown Quan- 1 
tity 3 in known Terms, for Exam ple, ſuppoſe x*— 6 = 27 


' adding. 9 the Square of the half of 6 gn both Sides, there reſülts A 


„ — 6 x + 9 29 + 27 — 36; and extraQting the Square Root you ; | 1 
will find x — 3=6 and 3 — * 6, according as x is > or < 6, | f 


wherefore & = 3 e and æ = 35 which both reſolve 
the 8 92.— 5 227, in like Manner if & + 8.x'= 9, adding 


# 


f of Problems ef; ;the ſecond. Degree, here follows another D 


where a Body would be equally iuminate l by th 
ciph - of Phyſicks, that the 22 of 4 Light i is four 7 greater when W > eee 
is twice. nearer, nine. Times greater _when it is three Times nearer, or in, | 


. Ratio of n to n expreſs that of the Effect of the aſt. Light Wy; 
2. certain Diſtance, 18 the, Fea. of the! 
tance. 1 OY 225 


| Point taken. at will in the Line which joins the two Lights, it is mani- 2 


* = 


16 Square of the half of 8 to both 
8 


- fame Point, that the Squares of thoſe two Diſtances will be x* and 2888 
| x* —2ax hl ad, and n the re which. decreaſe” As , 


From whence it 1 the Lights 6 were WE: Jt Pie: ; he 
Effects 1 would each e 12 this! fame Point noir de to — 


"thoſe! Lights being to each other in the Ratio of mts, their re. 1 
eee Er gut 2 COT. 


u — 2 n n x n . Haan 37 {jo $07; 


To ſelve this Equation, 1 tranfpoſsithe Terms e * i 
; the other Member, and there reſults ( = mJ x.& + 2.0 mx . 


Sides, there will reſult x* + 8's _ I 
== 16 = 25, and extracting... the Square Root you will And „„ 
* +4 PRs,” tHat is, & = = —4 £5, or lg and * = 1. 15 
| | 5 WN... Ie 
"To cute "Beginners 4 to the Difficulties which occur in i the Solution A 


* : 


Let it be propoſed. th d in in the. Line which | Lite. two Lights the 1 Another 
ly according to this Prin- «ey ene 


egree.. 
creaſes as the Square of the Diſtance decreaſes, © © 1 
0 a expreſs. the Diſtance between the two given Lights, a 


* on > 
” 


In eateſt Light a at. 8 LN 


3 


Let x ' expres, ite Distance of! ne ſeaſf of the two Lights from a i 3 5 | 


feſt that a — x will expreſs the Diſtance of the other Light from the 8 152 we. 


I T4511 15 193 1 2 £1 
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ober as — = en * but the abſolut 


eee 


Now that the Point taken at will may become the . gs 1 
put: thoſe two Quantities equa to cach ves which gives the! uatlon 


0 T% extri@ing"the/ Root 15 Ms Hrs 


1 £2. 
1 10 U Mook to 


Eng ky 1 re and ting under: the radical $ Sign ;pficr"; mM W * 
8 En: 5110 quatre, at leaſt A's the. Values of m and s. ' Wherefore the two ” 
„„ Ve ues my x which. ſolve, the foregoing Zquation, and conſequently 'the 
5 -P ble » which 3 to this 8 are e or bay . 
. ee 7 ft e Ba: Ine 1 as 4 me: 


5 27S . xpreſſ appe FT that age 0. ine. Vary - 15 neceſſa⸗ 
1 See rily. negative and. me other Poſitive, "by 19, if we take the radical 
= „ * Quantity. Jun with the $1 ien —, there is no doubt but the whole 


—_ . e e * Quantity will. be negative, Hon if. we take. Vn n f the Sign - 
A the other ne WT 1 1 . we will 1 then will be . ct 2, becaule n be- 
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8 Eq ns of the fr De . its L Bieden bee is. 
1 WM to os ce First, h 18 1 the Point which it 78 
3 olving this Problem, .i nſtead * being Loa between the two Lights, 
EE: Ae 0 1 in the eue tire e „ 
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of the Letter a, for Example, as above... 

1 afterwards extract the Root of the firſt I 8 25 4 which is 5 4 
which will be the firſt * of the Root, and. I write it down dende 
the propoſed Quantity -25 % T 30 ba + 9 54, ſeparating them by a 


Line in order to FRE nfuſion,.. I then write under the e 


Quantity the Square 25 a* of 5 a, prefixing to it the Sign —. I draw 


2 Line and reduce, and there remains 30 45 +9 8, which I write un- 


der the Line, which being done, I double. 5.4. which 755 10 4, and 
divide the firſt Term 30 a b of the. Quantity 30.4 b + HE. 10 as 
and 1 write the Quotient 2, Which is the ſecond T2 of the Root 
ſought, beſide 5 a, and I place it at the ſame Time beſide 10 a, and 
2 multiply the ſuperior Quantity by this. new Term 3.4 of the Root, 


obſerving as in Diviſion to change the Signs, in writing the Product un- 


der the Quantity 30 4 5 + 9 53, then reducing and finding that all £8 

Terms 9 each N I conclude. that 5 - 5 3 is the 3816 IR ed. 
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1 may be found out after the ſame | 


Cannot conſiſt of more than two Places of | 
1 -h of two Places is 100, the leaſt Number 
„ 3 — of three Places. That the Square of a Number conſiſting of 
mo Places, cannot conſiſt of more than four Places ; for the of 

14100, the leaſt Number conſiſting of three Places, is 10000, the leaſt 
MNumber confiſting of five Places; and in general, that the Square of 
a Number cannot conſiſt of more than the Double of its Places. 
rom whence it follows that a Number conſiſting of leſs than three 
; Places, can have but one Figure in its Root; that a Number conſiſting . 
book more than three, but leſs than five Places, can have but two Figures 
-- .:..__  - 1wits Root; that a Number conſiſting of more than five, but leſs than 
oO 70 | ſeven Places, can have but three Figures in its Root, and ſo on, taking 
for Limits the odd Numbers 1s 3755 7, 9, 11, Ec. whoſe common 
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with Tens of Thouſands, conſequently the Term 2 x y ſhould 6 
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de contained in q, the Number correſponding to the fourth 2 ne | 
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Difference is 2, Conſequently the Number of Places which the ſquare 
_ Rbot of any Number vonſiſts of, is diſcoverable by Inſpection. How the 
eee elende ee thoſe Places are found, wel on” be 


XV. 
Let it be to extralt the Gheure Root of 1 as it con- 
fits of five 


we, 5” Heer the Diſtal ee to tnd the Terms of is 


e e "rg vhs cf Hans: 
rt Number x being Hundreds, its Square 2 wi be 


Tens of Thouſands, or Tens of Thouſands with Hundreds of 9 55.56 FR - 


Thouſands; conſequently this Term ſhould be contained in g, 

the Number bear mars to the fifth Place of the Propoſed, 

aud its ſquare Root 3 to err is the firſt Figure of the Root, 6 1 98 

E orion in NOW Quotient, and fubtraQ 75 een 92 er, 61 
ſed Number. 42 

yy ens and Saad by 4 2 x; the Dou- 


The Number y 


Place of the Propoſed: T divide therefore 9 by 6, the Quotien Net q 
is 1 (Ten) which being the ſecond Part of the Root, I place it 


after the firſt Figure 3, and as yt the Square of the ſecond RE 110 


Root is Hundreds, F conclude. that the Terms x.5 + ſhould be 


contained in 98, the Numbers Ware eee to the third and four 5 


Places of the Propoſed. I therefore mu 6 Hundreds and x Ten or 


61 by 1, and ſubtract the Produ& from. 150. and the Remainder | is 37 f 1 
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It remains to fd in thegiyen Number the Vene 2x Par 272, the pro- (NG | 


duct of double the firſt Part of the Root (Hundreds) into the laſt (Units) 


which will produce either Hundreds or Tens of Hundreds, and the Pro- | 5 Js 
duct of the Double of the ſecond Part of the Root (1 Ten) into the jaſt' 


(Unite), from whence can ariſe only Tens or Tens with Hundreds, they 
will therefore be contained in 375, omitting the 6 Units which: does not 
affect thoſe two Products. I divide therefore 375 by 6a, the Double of 


* the firſt and vg on Figures of the Root, and the Quotient is 6, which - 


being the third Figure of the Root, I place it after the ſecond (1), and 
as z* the Sqakiey 0 this third Figure is Units or Units with Tens, I con-- 
clude — 756 ſhould contain the Terms (2x + 2) 2 + , the 
Product of dle of the firſt and ſecond Figures of. the Root into the 
7 1 together with the Square of the third; I multiply therefore 626. 

18 ſubtract the Product from 37 56, and as Fore. n re- 
Hs 1 conclude that 1 is he: Ne required, 
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determine the Numbers correſponding to thoſe Places, I expreſs them 
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| | Proceſs of + 4+ is eaſy to ae 2 the 8 — 9 e Rl bs 
the ral diſcovered by the fame Method of Reaſpning, the Proceſs of which may 
VV expreſſed thus. Put a Point in the Place of the Tens, and omittin 
. — one, point every other Figure towards the left Hand, and by theſe 
MH Points the Number will be diſtinguiſhed into as many Periods as there 
are Figures in the Root. Then find be e ſquare Root of the firſt Period, 
and it will give the firſt Eigure of the Root, ſubtract its Square from 
that Period, and annex the "Het Period of the given Number to the 
KRemainder, then divide this new Number (neglecting its laſt Figure) by 
the Double of the firſt Figure of the Root, and quote the Number * 
Times, then annering the Quotient to that Double, _— the Num- 
ber thence ariſing by the ſaid Quotient, and ſubtract the Product from 
: „ the whole Dividend, as before. Annex the third Part of the given 
T Number to the Remainder, which is to be managed exactly as the laſt, 
And proceed thus until all the Periods are brought down. If at laſt 1 7 57 
—_ = = no Remainder, then will the Quotient expreſs Gee true e Root. 
. | XV: = 
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8 ene, 1 1 Frſt point it 10 e be | 27. 39˙ 47 566250 
. do Figures each, — 15 25 e 
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Root of 27 to be 5, which therefore is the 7 UK e 
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3547 (neglecting the laſt Figure 7) do. the Double of 52, 1 is, 
5 y 104, I place the e * 2, 2 * multiplying 1043 by the 
1 he 5 Quotient 3s I find the Product to be 3595 which I ſubtract from 
| the Dividend 3547, and to the Remainder 47 18 I annex the laſt Period 
36, and dividing 41856 (neglecting the laſt Figure 6) by the Double of 
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ee ſquare Root of 38 to be 6: which there- Se 36 4 af 


fore is the firſt Figure of the Root; I ſubtract TK. 
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6, and then multiply 122 by 2, and ſubtract "en N 
From 2 94+, then to the Re- X 4 8 
mainder (50) I annex the third Period 89, "FF 


and Geil 5089 (neglecting the laſt Figure g 11 5 EY 


by the Double of 62, or by 124, I place the : - : 
Quotient after. 2, and Multiplying 1244 by os . 4 6 "find the 
Product to be 5976, which ſubſtracted from the Dividend leaves the Re- 
mainder 113, and as there are no more Periods to bring down . are 
to be no more Figures in the Root; becauſe a Number conſiſting of fix 
Places cannot have more than three Figures in its Root; but as 624 Mal 
tiplyed by Itſelf gives for Product 389376, which is leſs than the 
Wo Number, 389489, and that 625 multiplyed by Itſelf gives for. — 8 
duct 390625, Which is greater than the propoſed: e e 
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conſe aw C + 50 . and as «Bai is * Coeficient undeter- ing Method. | 
mi termine it = F, which gives H =— 3 
AN+ANE=ZAB- 3 * * = 414, 1 


4 A 9 
which I deduce N = — — e — ad 


* eee ad tb Values of 
N and N being ſubſtituted in the Equation CM CN = © there 
reſults 40 — BCAB — ACAC&+C ber rt pupae 
| 404 — e,, bong, | 
(40% BB'— 2C4") AC'+ (BC— CB') BA + 4 + c Ma, | 
= MF it as 5 to Ne ey per LY "out" "of? the Equations Example,” 


8 


; "> 2 * * HA 
a 4 R * 9 , > CER wad 1 1 3 22 w rt ae a 3 
8 ” N 4 enn % ITE Son on „ Ts TY 88 . COMET RAY © 9 00S OS Ws Ox OY Fi 29 
* © = 3 « 9 . — OY: N n Fw 5 NEE, R W al 5 bs N Fon 3 „ 
gan 4% A * Jap. % 2; * * e © oy 89 3 9 4 * * KI 37S. 3 . 1 » A 
N TG * 1 3 N . n : : a 41K * 
8 * N * ES 3 6 * * 8 * 1 . 


2 9 4 9 AE e a 
4 3 1 n 1 4 Fs. 5 ** * 1 2 ö . 5 
- - 8 rs 1 8242 1 - 4x: ++ * 1 
8 9 : Fo Rd gs 5 55 
— o > 8 2 1 : 
* - 3 r : : w LIT = » ; e . 5 : 
2 f 
100 


* 


HO 77 dane in the oth} een | for 4,1 BC; a9 B 05 theſe C Quanti- * 
$i 8 i ties, 1, 5, — 35 3 —2 9, 43 and duly obſerving the Signs + and—, 
+=. there ariſes (4+ 10y + 1897) X 4+. 7 FX 15 ＋ (45% 
| PEN e 399 _ 5 el n + 72 97+ 1 
, . 1 


Iaveſiguti- Let it be ae to exterminate x out def PI Nee 4 3 1 But 
emer + C A B= o, and 4% . B + C= b, 75 ng 4x3. . B 

VVule for ex- Cx + D by Mx +N and 4' 4. B s' + 1 + "NT "a 
- terminating and adding their Products there will fetal 72 AM +: % N 1 * 


: Fang of CML + BAH V) 3 +(C Mo RN TCM LB, A Pha 

f _ threedimen . (D M + CN + CN +B'P)* +DN + ©P'= 0: The Con- 

FRB ehe duc dition that the Terms of this Equation including the Powers of x ſhould 

1 dimenſions be deſtroyed, will give AM+4M'=0, BM + AN4B'M'+ A'N'= o, 

in the other. CM BN + CM' + BNA AP=0;DM+ CN+CN+B'P= o, - 
— conſequently DN + C'P' S o, and as one of the Coeficients is unde- ( 
0g Me 


termined I determine M by ſuppoſing it = 4', which gives M'=— A, 
 AN+SANEZAB'—BHL, BN + F M L A P 40-04, 
CN+CN+BP=—DA, from thoſe three laſt Lacs I 
* Hdeduce the Values of N and P, "which. may readily be obtained 
Means of the Formulas of Article 1.xxx1. Chap. 1. by putting e 
! n=AC—CH, ? = — 5 4. 

; | e ee ron , FB 2 0 5 ESE; | 
: Lee 
4 - then & 
1 3 Fe 5 
Ne 4 BAAC'— 482 + 482 eee 2 

N eee $4. 75 8 * 
N | Sogn F491 e cp — 42 , ＋ 2 en, + 
. Torr Ti andy = 4 4 1 -a TAU - ce. TIM HE 
_ = T1 + LEP ACP BCAB— Arent. 2240. 1 
N „ 44 — A BB - BY + oY rt of” | 
A ſoubſlituting thoſe Values of and NM in the Equation D N 0 Pim 
OO there refults ADAB'C—BDAAC — ADB3 + BDA'B'B' 454 20 


; gives 


DAA B. ＋ D A= +HAC —ACACC — 4040 00 
E FFP 
Or 140 - ABC 2 210 BAOO BOW Bo 
 —2BDAACEACBB'C+CCA AC — AD N f. 
+34D4'B'C * r path that is, 
40 — —B B— 2040 400882 08-25 BAC 
| =D ABBA e + (34B'C' BBE D DA'=o, 
| Example, If it was ay qa exterminate. x, out of the Equations y%—x a 
eee Ta = 0, ſubſtitute in te precedent fer n 


cs ANITAME Tick „„ „ 


he 4. B, C, 3 4 B' 1 7 and x5 thoſe Quantities I, - — 1. o, Fr 2 
1. *% —xx + 3, andy reſpeQively z and there comes out (23—xx+5x)X 
 (9—=6xx 105 x* + (—3x T (—=3x+#3)+3xzxXxx 
TO r- —a3—3x)X—3 x = 0, then blotting out the ſu- 
perſſuous Quantities and multiplying, you have 
27 —.18 x x + IA DOE TINT hf th nx o, 
and en x6 ＋ 18 * — 45 ＋ 27 = * 
8 „ ys on 

"Ft it be 'propoſed' to exterminate x out of . :quations N 2reialct 
A B * ＋ C x* ＋ DE ＋ E =o, and A * + B' x i yy on of Sir Iſa- 


I multiply the firſt by M x + N and the ſecond by e Bot 2 ac Newton's | 


and adding their Products there reſults, / " M + 4 


terminating 


+ BM + AN+B'M'+ 4'N) x*+ (CM + BN+ CM + BN N an unknown 


7 (DAE 1155 + CN'+B'O'+ 42) **+ (EM + DN+B'&/ + CO! x Panty of 

5 = o, and the Condition that all the T 2 in this Lops one, 

2 e ing the Powers of & ſhiould be deſtro oyed, gives the and of two 

que 4 ＋ A I = o, 5 N AN+B NH + A M = oj e be 

 CM+BN+CM+B'N+40O'=o, DM+CN +CN+B'O FARE 0: o, equation by 
 EM+DN +B'9, + C'O0'=0o, conſequently ENA 


and as one of the Coe cients i is Ae a determine 1 by ſuppoſing ing Method. 


it equal to ; whence 
 M=—AAN+ AN' = 4B'= 4B, BV A. BN" + #0'= r, 
CCNA A. BO CN'=— DA. D'N ANNA 00 EI. 
I deduce from thoſe four laſt Equations the Values of N and Q. 
Help of the Formulas of Art. LEXX VI, by putting x = N, 5 VL * 
 z= O, = Ba = A, b = 4,c =0,d=0, R=, d=B, N 
b=B, c A, d So, „ a C, ci B, 


4 #; % 1 D, t = D, b''="6, s co "On: W=C , 

USL, b. "=D, 4 0% C Bt „ 

* . a 8 . 
"Tn; this Caſe the At, of the Value of x *s Nabe to . 


Las-, (“5 — 4% od] d"'+ [(a'b — ab) Pr plan 

nſequent the Numerator of the Value of M will be 4 B B A'B3 
— AA B*C' OB = D 4 — 4A Bn C 2 6. OTE 

AA C% — CA3C— AA B3C+E A ＋ B A4 | 

And the Numerator of the Value of F being reduced to 
Ts 5*— , 10 (a 218 5 6 2 —4 1) gt bet] ine. 
Fu 35˙% d 4, 5 450 9 ＋ af 795 il +(@" „- %a. ke 
' Conſeq ay, the Numerator of 15 Value of Q will be | 
4548. + BEA*B'— CE 43 + 4 EA —DB MO 
Len n. AD A'B' © O OD A* Þ + 4 C 
221 4 85 N TO ADB TND + ADAB OC 
"OO. * eee 
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Rule for ex- 
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U 
1 5 
- 8 1 y 
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47 
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1 
- 4 - 
4 | 
& | Z 4 
1 4 
„ 4 
Wn 
4A * * 
31 15 ' 
A * 
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1 
1 
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1 4 g 
+I 
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A 4 3s. 1 5 = £ 
_—_ ATP 9 o will be transformed-into 
—_ oh B'%— TAS. IL =o will S 2 eng ] 
e xx + BEASB'C' + Ex44 
A D e ene ee 
1 ___—+ ADAB'& + D*43GC + 4DABCO* eee. 
F LOA C3 + C* 42.0%. — AD "BIG + BD4 B* C 
= -: +ADAB' —ED hCp ACA = ECP Rr RP 4 
eso. Or into, 
| TO TEN BREE. AC e FVV 
r . £2 2% Q: 
ers. 4 RN 2 0E Ke blen 
IE ö NOD OC + 24 EA 0: + wake ee 
| ID 4—8 ee 5 


Ni 42M Ti Mb LO—BB—2CL)ACE(5 0—CB 2 2 Dd) Fr 


5 ey „ (4B +, G44) (CC*— DB'C,+ EBB) = 2ELC') 


4 GAST DNA n 
+47 EA + (—BB'—24C') EA BY = l 1 
e it was propoſed to 3 out of the Equstions 
* % . * N 20 T5 ä 
Th 85615 itute for A,B, C, D, E; 4, 'B, C 25 reſpect ive] 175 Ho. 
* e TY 20. ad and there r Fr . 
een ec a Pele ＋ 26 —+ 1 20 
FN 27 K Gap REES EO TE 
tion 1600.95 — 20800 97 — 67690 e - TS 
. 095 $2.5. + 2 . 3 5 N 
N III. 25 Do 1 2 5 3 
ie . it be propoſed & to exterminate 8 t e 3 
— hs? + BHT D So, d Th + B'.-*+:C'".x + D' = 6, mul- 
pa ee, 7 A x? Tee x +Dby M * 450 and 0 * 
Were” + C's + D by. Mat + N , and ade a8 
wr, DM) A6 + (B 


= 22 unknown will” reſult — 
— +(CM4BN 


— | 1 25 + 9 ; * E 


the fore; 


158. CG 07 = Os 
& Coplicionts i i 


* 7 N. 22 5 7 r 1 - ps OE * N 5 
L 1 s 8 a A 2 8 Foo HOES * 4 * i. * * * * a e : * - , 3 " 
EET. LE Cade bd R 55 N $2 TT ET c ts i EE f © 
- 7 7 £ : ofa oe 4 1 7 £ Ss 
Og Fs k r oy ** 1 
© : * * 8 ; 7 * * * * = E E 4 


sPECIOUS a1. ein e ck. 


I deduce from the fout laſt E s the Values W e 
| | Helpof the Formulas of Art. LXXXVIt. by putting 
x N, = N, 2 2 0, 1 0% a'= 4, hb = M, e=0; A 
INM; =B, F, SA. 4 = A. 40 A 
o= 0 = C', B. di = F. e tamrry: . 
5 = D, = C, d = O, a =o. 3 
In this Caſe the Numerator of the Value of z will be reduced to 


17% , (of b— a) o'$(0bV—dÞ) 2] - eee & | 


AUK —dW) 3] 6 +[(t"b—=a8") o"+(0'V" wa" #)8] @- 


conſequently the Numerator of the Value of O will de, 1 
D BC NAD BD 40 


—£#C3—COAC+ACH 0+ ABB'C* — 4 CBC—BUC'%-. 
＋ BCA eee CD'—ADAB'C'—ACLBD'+CDAYB 
+ 4DB3B—ABB"D'— BDAB" + BB D'+ AD A* 


+ 4B &- D*fi ̃ 45 D' + AOLD Bl BUY ® & 1 


Q NE DAN. 
"=. the Numerator of the Value oft t 8 ! hs. 


L — ab)" + (4 % — di, 5 e. preg 22 Nay 


+ (a 50 — at RN a4 + c 5 he el + (ab. 3 IE 
+ EM a' % 11 8 | 
= Conſequently The Numerator of the Value of O' will be 


[ BEN D E —'BEPD #* + AC D 4b SY „ D 5 8 1 


| D425 — #* DAD IDS: +FAUHBDAC'—A®SB ED 
 IBDCA® +4 BCHD + Þ CON e AO 
+603 24) ARD — ID + BY A D' BAT 
TAD he -A SR 
BO BNA +B CAC. 
Wherefore DO + BY O' o, will be transformed into 


% 
| AEDA Ono #BBBO's 
ABD + CD* 4 NADA D e 


 FHCD MA O=A D03I=CciDA*C 
GD Bee —BD#C*: e 


% W 24 
. 
8 £ 


% 


ö e, 50 


DA D . 455705 


| 3 
| Ty e 554 U b 
＋ 4B OA D + HO g P ABCBCD'—BOABD 
+B COCA OD =0, or into 
—£DC+ABDBC® + 24 CDAC® + CO D'—AB CBOD 


RT e 


rf COD 


v a , "a Z 
AX (224 2 J - A * . q 
ö ; Di r 5 
n os a Ee * Nn 
2 875 1 * R 2 
N 7 W535 N FIT, „ 
0 9 9 33 
. 2 3 
3 7 


m0” x | E L EM E N * 8 or „„ 112 
+2 D. 0 10 4D — AB OD 24.0 D g Ab- 
—ACDB*C'+ AD*B* + AC*B*D' — 2 ABDB*D= CaDL'*C/ 
+SCDMRB'+ C3A*D'—'2 BD = AD ABC!—BD*A'B® 
— D34'3+GAD*AAD'+:3AB 24 018 B*CA*C'D'— BCAA'B'D' . 
BG B54 Ba. 25040 N wee 1 34 ns cot 2 
+ A CDA B DE . Ibat ie, vis 

RULE 1v. — 
G2 040 Nen 40 9 1 4 BC 
s — 2 DA) BDA'G'+ (—AD'+BC' —2 CB'+3DA')x ADI 
(CDC'—-DDB —CCD'+2 BD D) x UB + Can) 
EGAHB.C'+BBB'+D A* — 344'D) 5547 41234 
— BC'+CB'+D A!) BCA DU (BD - 2 DB) Xx E 8 
| COR IND EDI) * 45 D o. 8 
„ 3 

Let the "Equations" 4 ＋ B25 * Cx th I. EZ PEI und 
A' x* + B' x3 + C'-* + D's + E = o, be mane Fe . l 
Pt . INE: nia is eee will bei ns to chart wo ils Bot 


„ 


2 


3 


A (EB. —BF) EO) 

—3B4—4B) (DB— ar raps DE) 

— (8 1 EB 4 ) (£38—BB) , ® 

eee | Fa(CA—A4 ©):(DA—AD) (BD'—DE) 

5 BY * e 65 —B ©) EDD), 
8 5 E — —4 E. a 8 


GA ee, 


2 (DA—4D) U. P fh. 1+ 8 ee 
__ r= aa eee —2(BA—AB): (DA—AD): (S F) 
1 +2(BA'—AB) e (DE—CD) |— (B4'—A4B) Y HEN 
— {DC—CD) $129 —AC | +2(84'—A4B) EEB—BE) (DB—BD) 
= + + B—BE) 9 40 ˙ 1 8 0g r 1 
— 2 450 (DB—BD) | ; 
44) (CB'—BC") (E a, 1 . — er) 


> (B4—48) (CB 3c) 5 500 
EST - (B£—AF) EE 
eee Se, ee 
OE : ny by” bs "> 


— 


4 —4 —(BA—AB)(EB—B E. 
0 = 255 C—CE) 


. FI 7 ow 8 ITE Wag HT "3 
5 a * , * - * * E . * 22 2 * 
N CC oe ol Re En ³˙ùt . ·˙¹i¹e ² 5 SE A Eo rs he he IS: 5 3 4 : 
5 r 2 9 rs * 29 Y 83 4 * F - CAE g 3 po - * n 
. ior a en ene ants attic 2 ED, a l TT, 2 . 
2 2 2 SS io HA R 5 2 x . 
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8 SPECTOUS ARITHMETICK. N 
This Rule will ſerve to extermingte an unknown Quantity of a Number 
of Dimenſions in each Equation not exceeding four; for if the unknown | 
Quantity is only of three Dimenſions in the Equation L, we have no "an es 
more to do than to put 4 o, that is, to omit all the Terms in the jy of a num 
_ reſulting Equation among whoſe Factors 4 is included, and then the ber of dime 
whole Equation will be diviſible by 4. And if the unknown Quantity is 8 
only of two Dimenſions in the Equation CL, we are to omit alſo all the in each equa 
Terms among whoſe Factors B, is included; and the reſulting Equation tios may be 
will be again diviſible by £4, &c. But if the unknown Quantity riſes only ©; hs 8 
to three Dimenſions in the Equation L, we are to omit all the Terms in- preceding 
cluding E, and the whole Equation will be divifible by E. And if the un Rule. 
known Quantity riſes only to two Dimenſions in the Equation L, we 
are alſo to omit all the Terms which include D, and to divide a ſecond 
Time the Equation by E', and ſo on , 
For Example, to exterminate * out of thoſe two Equations 8 1 
P ˙: . TT 
the foregoing Rule; I put E = 4 , D 5, C = a, B= 25 
o, 4 o; A=, B. — 22, C= 42 , D, and EO. 
Whence the Terms in the Formula, among whoſe Factors 4, B', or 
E are included, will vaniſh, and the remaining Terms will be diviſible 


* . 
4 ag ? 
a 
1 
N 
y * 
W 


11 by E and A2; conſequently: the Formula will be reduced to $ 
1) LE —24CC' BY — AB ̃ — BY o 3 4 Do DEG BN +>" 
_ACD* E'+ B*C'E®* —2 BDCGCBE'—ADD3 +D* CS— C 3 
: CE=D+BDC'D:' +0: CnE'—RGCCD E'=o% 
| In which 9 for E“, D, C“; 4, B, C, D, their Values, 
' 23356 - 8 43 ＋ 28 56 ＋E 345 — 42 ＋ 4% 44% 
} | e ⁰¶ʒ - 


which after the Terms are reduced and ordered becomes 
e Te 12 4 1 ct f=0=f f gf 
i — 124% — 12 45. Dp „„ 1 e . 
5 * The foregoing Method for exterminating an unknown Quantity of How the de 
= ſeveral Dimenſions in two Equations, each involving two unknown Free of the | 
j | Quantities, alſo ſerves to determine the Degree of the reſulting Equation. — 8 
| LCL.et the higheſt Dimenſions of yin A be p, of yin B, p + 1, of y in determined. 
C, p ＋ 2, &c: In like Manner let the higheſt Diment/on SER. * 
be p, of in B' be # +1, of y in C, #' + 2, &c. Then the higheſt - 
Dimenſions of y in the Coeficients of each of the unknown Quantities, | 
| Included in the Equations ariſing from the Suppoſition, that the Terms 795 
affected by the Powers of x in the Sum of the two Products of the pro- 
Poled Equations into the undetermined Multinomials ſhould be deſtroyed, A 
form ſo many arithmetical Progrefſions, (it is thus, a Series of Quantities, 
that increaſe or decreaſe by the ſame conſtant Difference, is called) having 
the ſame common Difference. EY oe 9 


ww © 
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ans A 


* 2 2 —_ 5 
tka OTE OD 4 3 3 
Si as Ws IC * ren * * 2 * + 
— PR 2 — 2m, * PS bn E 1 
* py © = A 0 


3g 
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1 5 a bs 4 LH 4 . 31 8 5 2 n vg $275 27 i * BY 1 kd $311 . 5 07" 

1 | Aba N ER. 3 tx A gal 1 TN P 1 +1 
e 1 i? 3 2 Pp yy Pa „a 
2 Et ? "i 5 e L 11 Pp h pr+3 r 3 
= „ pn pts pte Ha. As $+8 A #+4 
„ ec. dec. W Ker. 1 e., e, &c. 

e, Hans As mall; appear by the Inſpection of thoſe Ecuatons, (Art. LIV.) 
It will alſo appear by the Inſpection of the Formulas of Art. LXXXVII, 
e Chap.z, that each of the Terms of the reſulting Equation after the unknown 
..- .,. - Quantities are exterminated, conſiſts of the ſame Number-:m + = + 1 
= rl lf al the Coeficients. of thoſe unknown Quantities, and that two Coeficients 
1 af the ſame unknown Quantity do not enter the ſame Term: Whence 
V iris coſy to conclude, that the higheſt Dimenſion of y in the reſulting Equa- 
= - 5 5 tion will be expreſſed by the Sumof m + n+ 1 Terms: of MAI the 
= foregoing Progreſſions, of which Terms two are not in the ſame Column 

** or upon the ſame Line. Now upon Examination it will be found that 
t Terms of m H of thoſe Progreſſions taken in this Man- 
1 ner will always make. the ſame Sum. For Example, If we take five Terms 
9 po f five of thoſe Progreſſions. in ſuch a Manner that two of thoſe Terms 

are nat contained in the ſame:Column, or are upon the ſame Line, their 
Sum will be found to be 3 +2 7+ 6; and the general Expreſſion of 


; "this um will be 1 4. (m + + * * KNA „, denoting the 
Sum of the Ferms ukich compoſe the firſt Line, if the Progreſſions were 


rr tas. of e p — I, Þ— 2, b — 3, continued to 
3 = +1 Terms, and of p', -, 2, P — 3, &c. continued to +1 
1 6 46 15 Terms; wherefore S = (2 = any — + = x == ; 
= cCeonſęquentiy; if the higheſt Dimenſion of. 7 1 NE 2 pps 
—_— be expreſſed » ex wen 1 
. VVV 
in which cabſtiating for n and #' their Values eee 24 m— I 
i tated etl" ra 4 


: Hb eaſy to. perceive, that the Dacran _ the . 3 — 
Limit which an unknown Quantity of leveral 'Dimenſions in each Equation is exter- 
©. the degree Minated, can never exceed m m'. + eee + nun, p and-p' expreſſing the 
ee Exceſs of the greateſt Sum of the of the unknown Quanti- 
— Lies in an one Term above the — E Exponent of the Quantity to 
ceed. be nee in egen 8 e if — were given 
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5 6 j BOSE EN TI aa ey 
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. aIx 33+ 5x — y*—a* = 04 the greateſt Sum of the Exponents 
of wag in * 80 the firſt Equation is 9, which e 85 
from 5 the grenteſt Exponent of * gives þ: = 4; and the greateſt Sum 

of the Expohents of 4 anch y in any one Term of the ſecond Equation 
which is 6 ſubtracted from 3 the greateſt Exponent of x gives 3, 
now & being exterminated out of the Equations „„ 
＋ 9 a= a N — 3 ＋ 33x —35 Zo, the 
Degree of the reſulting Equation; by the foregoing Art. will not exceed 
„N $ + 4 X 3: 5 N 8, chat is, the -42d. Degree, much leſs hben 
Will ef e e RE en ag Os. propoſed p ee | 
"IT Degree. 4 
5 334 EET e | 
t ee Ly Bf dr Ads 
Let 12 BK iC! R e Ls 
A x + BY; en erm D's OL RA=0- 


_ &c. denote Functions of ts üben gantities y and æ, and known TO aha HY 


tain the two Equations which Teſult when x is. exterminated, it ſuffices quations by 
to find three Functions of x as ſimple as poſlible, by which the three the forego= 8 
Equations being multiplied reſpectively, in the Sum of the ree Pro- ing cet, 
duQts the Terms affected by the Powers of x will be deſtroyed, and _ 
three other Functions of x different from the firſt, as ſimple alſo as poſe 
- ſible endued with the ſame Property. i 
| M x . r 
Let 5 u NTT DT or PTD oo. . 

M' x of + Nn = ＋ P ne nz + 1 3 ä 7 
be the three firſt Functions, performing the Maltglcations, and adding 
the three Products there will refult, 
F m n M Tm 4x —1 QC. m +* —2 DUM x #2 =3 ok 
e V x" += —3 „ 


ANI DOM T rh > C220 += —3. 

„ + BY Mgt num 1 + * A 1 24. D * 25 3 
8 We 4 e 1 + CHN. me 3 
. þ COM ant ++ B' 1 

- BY N 4 i.. A. gil ＋ 3 | 

IT: * ERP EIS e 5 
„ 3 „N - 3 
. 3 13 3 


* sPpECIous ARITHMETICK. e 


be cher Kqustiväs; in which 4, B; C; &. A', , C, &e. 23 How an wa- 3 
Quantities, and let the Dimenſions of 4, B, C, &c. be expreſſed by ee 


P, P 1, 5 ＋ 2, &c. thoſe of 4, J, 675 &C. of f# +1 +2, ons is exter- 
'&c. „ Bu, C, Kc. by MES . „ L 2, KY 66. mo 


FO . M r ＋ A . 7 7 2 * 1 e 


» 3-4 


Pon 


| e fm += aw PO Or or at 
furcheſ equal. It is obvious that in Order to deftroy all the Terms af. 
: fedcted with 3 undetermined Coekcients muſt be m+n+r, 
wwöberefore W E LI „ iI 1 I. vvherefore 
. ĩ „ 1 and'n= A r 1 — 2. This being ſuppoſed, put- 
itiing the Coeficients of each Power of & equal to Nothing, there wilt 
1 reſult a Series of Equations; in which it is eaſy to perceive, that the 
higheſt Dimenſions of the ſame unknown Quantity, Mor N &c. form an 
atithmetical Progreſſion, and that all thoſe Progreſſions have the ſame 
_ - common Difference; whence by a ſimilar Reaſoning to that employed 
in Artticle Lx. it will appear, that the Number E expreſſing the 
higheſt Dimenſion of the Equation in y and & reſulting from the Combi- 


min of m+ n +1 Equations, will be & = : S+(mt n+) —3— 8 
—_ exprefling the Sum of the Terms which compoſe the firſt Line- if the 
Progreſſions were continued ſo far. Now it is eaſy to perceive | 
1538, That the Numbers which denote the Dimenſions which the Co- 
Eo ©" - _ eficients M, N, P, &c. ſhould have in the firſt Equation if they were 
found theres, are p, b —1, Phy 2, Þ— 35 &. the Number of Terms- 
weng + x, whoſe Sum is expreſſed by (4p N (A -). 
V That the Numbers which in the ſame Suppoſition denote the Di- | 
EE. ; _ -  menſions of M', N, P, & are , p' — 1, — 2, & c. continued to 
·ũñF _ *' a Number of Terms = in. + i, [whoſe Sum is expreſſed by. 
Re 6 —n) Xx 3 30. In C Order to find the Numbers whien 
AAegnote in the firſt Equation the Dimenſions of 1, Vu, P'l, &c.. if 
= ' . thoſe Quantities were found there, I obſerve, that as the Place of the 
= Tem i M x" + in the Order of the Powers of  -is denoted by 
. „ iz ſo will its Place in the Order of the Equati- 
dus be denoted by the fame Number ; conſequently , to diſcover what 
\ 8 Id be the Dimenſion of the Coeficient Min the firſt Equation, 1 
—_—. muſt retrograde m + ; fn — mM! ot Equations z- conſequently, the 
Number which denotes this Dimenſion will be Ie; 
And conſequently, the Numbers which denote in the firſt Equation the- | 
Dimenſions of UN", PU &c. if thoſe Quantities were found there, 
eee, 
aa , &c. continued to a Number of Terms = ft „„ 
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Ratio of the Cotemporary Increments of the two undetermined Quan- 
_ tities E and n“ in the Equation G=mm + þ! 1 m - 
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preſſes the Ratio of any cotemporary Increments of & and =, and this“ 

atio is always greater than — — n-— M . a2 E 22 
| but 4 decreafing, this Quantity will alſo decreaſe, and as we may take 
d'n' as ſmall as we Fs we may make — 7 — T — „ 0 
EU T2 + du ohh pe ee aſe to —p—# 
+Fp'—m— Fai 2 +2; wherefore, —p—p' pp —m. 
M 2 ＋ 2 is theYimit 0 es BP 
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to Nothing. But it will not aways. be pun to rk this Value, . 5 1 9 
| 1®, Becauſe =" ſhould be A, 4 Quantity. zecauſe — 


42.4 — 2 . cannot always be as to an integer 


1 Becauſe m + « ſhould be 8 than m + ., or at leaſt equal to. 
it. 49. Becauſe being ſuppoſed leſs than m or = m, it follows, that 
2 — be * than id , r at k an = ER "we ſhall * : 
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Though 3 [BAR a Value for a. which will pA rr thoſe 


four Conditions, we are not. to conclude, that from the Combination of 


the three Equations a more ſimple Equation cannot be derived, than if 
they were combined two by two; for we are to obſerve, that thoſe 
Conditions ariſe. from the Suppoſition, that m + n = m' A, _ 


It will therefore be proper to make three different Tryals. And if they 
all three give poſitive Values for n, 1, n „ (as {mall a Quaitity as pof- 


' fible being put for u) we are to 3 the two Reſults which 5 the 
leaſt Value for G. and if there reſult. poſitive Values for a, 1, 
two different Ways, they are to be employed, provided they 5 a 2 
5 N for & than would reſult from the Corab 


ination of the uations 
two, and if there can be found poſitive Values for , ns , but 


dne W. „ we are to condude, hat the unknown Quantity is once to 


be exterminated by combining only two of the three Equations toge- 


ther. Finally, if there be no Poſlibility of obtaining for n, x, 1, poſi- 


; Equations in 4 and z. 
2 1 on 


tive Values boats rendering the Value of G greater than it would be 


if the Equations were combined two by two, we are to have Recourſe 


to this laſt Method, but this laſt Caſe will ſcarcely ever 1 if it 
happens at all: For Example, it can never occur W | 
one Equation. at. leaſt will. be ſound more ſimple than by combining 2 ; 
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=3 m3; conſequently, leſs than would reſult from the Combination of 
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Value i is leſa than would reſult ſrom the Combination as Ns uations 3 

two by two; now as there is no Reaſon why the equal Values of n and - 

| x' ſhould be employed with Reſpect to two of three [ety Na A 

. think with Reſpect of the two others, we are to make Uſe of them both _ _ e 
8 Ways ang there will reſult two bo in , and I'S esch of a dds 
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: which the higheſt Dimenſion of x is expreſſed by m, if m be an even 1 5 


Number we are to multiply each 2 57 an undetermined Multino- precetene 5 


mial of a Degree expreſſed by — » and by Means of the Equa- 7 — we 


tions reſulting from. the Suppolition that the Powers of x in the Sum of 2225 2 
the three Products ſhould be deſtroyed, an Equation in y and z will be guantity ty of 
obtained of a Degree exprefſed by '$-mi. To obtain another Equation, ſcvetal di- 
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we are to multiply two of the 5 propoſed Equations by a Multino- _ 
mial of a. Degree expreſſed Mt os „ and the third by. « Multinomial 1 18 9175 
| a: Degree expreſſed: by —<=4.., 1 by putting in the dum of the _ 
| thres ProduQs-the Terms induGing the Powers of x o, NN 5 . | 


ſult an Equation in y and = of a Degree expreſſed by A + re- 
But if be an odd Number, wwe ire to-multiply the ard and ſecond 


Equation by a Multinomial of a De gre exprefſed W — r 2 , and the 
wird by-a Mokinomiat of © Degree expreſſed by we are to „ 1 
multiply alſo the Grit age wy Equations, each by a Multinomial Mr „ 
0 xree expreſſed by — —, and the ſecond. by a Moltinomial of a | 
Degree expreſſed by. — or elſe the ſecond and third by a Mol- 
by and the firſt. * a Multi 0 ial of * i 
Degree . and there will reſule two Equations in 5nd x, e each "nd 
0 bege⸗ expreſſed 9 2 2 8 „ . Nt 
: 3 * "och © 25 


From whence we may perceive, that by.comſi the Fa 88 2 
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IS | 1 when the three Equations are combined eee ; . "hs the ert 5 
.- Inconteni- Method the reſulting Equation will riſe, i 1 to a Number of Di- 


ey. menſions expreſſed by m, and by the ſecond to 4 m* (1 + 1)* when 


„ m is an even Number, and to (= _ * 5 Dimenſions, when m. is 
— — — odd. Tie Difference i is rendered 3 ſenſible by the following Table. 


Bk tity by _ . 5 
31 rin 

= = e fu By yy Method, 
| arable,” two "A 2d. Method, 


16. 81 256. 66 1% +. 240% 
= 12 . 49 . 156. 361. - 16.160 
„ Cr IOEOTh - 

ue. Lets =6, w =5, mw" ='7, p= 45 p= 5, N. Sig, there wil 
reſult a“ = 3 e "hx . : 

The leaſt Value that can be t n= —4, andthen G= =83. But if 


8 9 invert the Pig of the ations, and write down m = 6, m' =" 35 
* 3. P . f ig 9 5, there will reſult a“ . 2 — 


5 „ a.  Re>+ „„ 


= <= N * — , the leaſt Value that can be 
ntoaisa = is, and then G = 104. 

3 the Order of the Equations, and ang down m= 8. W 
. 6, P, f 19. eee will reſult “ = — br - „ 
* =. = 5 * © = - 5 — ky the leaſt Wiss that can be bi- . 
| ven was ſtill a =18, and then G will be found. = 85; but this 
Combination cannot take Place becauſe it gives m +1 < Pp , Ee. and 

if the Eguations be combined two by two, there will be found G&.= 80, 

'G = 144, and G'= 125. Wherefore, in this Caſe, one of the Equa- 

tions in x and y is found by combining the Equations together, and the 

other by combining two of them together ; we are to multiply the 


Equations indicated by m 6, m' = 5, . = 3; I ſay, multiply thoſe 
Equations by the Multinomials indicated by = =. 3, n' = 4, n= o, and 


the two Equations to be combined to obtain the minen en in 
F: and 'z, are thoſe indicated by n = 6, m'=5. | 
| . 
335. Let m 7, * 6, ar 5, f 3, N 4. 272 en vn 
reſult / = Det = ADD = 25 the leaſt 
Value therefore that can be given to u is = 3; but it is uſeleſs, be- 
cauſe i it gives m A <m"'— . let then «= 5, and G will be found 
1 changing the Order of the Equations, and putting m = To 
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and ⁊ will be found by combining the three u 
one being of 52 Dimenſions, and the other of 54. $74 
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„ but it . vicleſt, hecunſs Nr n Cm 
Let a = 1 there will reſult G = 2s it SM. „ fince the Molti- 
: [pred of the Equations will be t] *. ame in this Caſe as in the foregoing. 


t then a = 3 there will reſult. G = 54, changing 28 the Order of 


the Equations, and writing down m = 6, Likes = $8 7 1 
# = 25 1 there 8192 reſult n=" 1 
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plicators as were found above,. Fins for Fs Era Equations. If a be put 
ual to 5, then G 56, combining t vations two by t here, 
reſults G 25 88, G = 64, { G = 62. Wherefor: ins; 
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terminate one of them as x ; let m, m', m', m'', denote the Exponents of n 
in the four Equations, let the Dimenſions. of the Coeficients of the ſe-. Sata 20.00 

veral Powers of x im the firſt Equation” be expreſſed by p N rp 2, tity of ſe 
j + 3, &c. in the ſecond. by p, P + Lo 8 ＋ 3 3X8 g in the ral dimenf- 
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third by PL, + Pa, er and in 5 ö 


pk "+ 2, P,, . 8, K. 
Lat by ”, 1 MX denote” the EN * Nd Te i Mia: . the 
© nomials by which the Equations bein multiplied, in the Sum of the four — 75 


bes, the uhh of x will be deſtroyed. 
By a ſimilar Reaſoning to that emplo ed NN it will a that + b 
SE ſhould be put equal to m' (n al m n 725 iy = n appar, ＋1 oy = 


+++ "+ 1; from whence fs deduced „ 2 2.3 0 
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9 5 EE EC « US „„ h 
Let it be propoſed to extract the cube Root of _ 5,305,472(174-41,tfc. 


ing method gures, I conclude that the Root will conſiſt of 4305 „ 
eee three, to determine the Numbers correſponding 30 | \\ 
t thoſe Places, I expreſs them by x, y & =, con- 2100 80 
ſequently x3+3x%+3 xy*+33+3[x*+2x345*]z 1470 
TZI TA = J, 305, 472: Hence the 34 
Difficulty is reduced to find the Terms of this 32 
Quantity in the given Number. It has been pro- 392472 
ved that the Product of two Numbers multiplied 357 
into one another has as many Places of Figures to 34580 
the right Hand of it as are to the right 8160 
Hand both of the Multiplcand and Multiplicator, . 
: e the Product of three Numbers mul- 4824. 
| tiplied into one another will always have as many 374480 


Place of Figures to the right Hand of it, as there 28828. 
are to the right Hand of the three Numbers mul- 36331200 


tiplied together. Nom the firſt Number x being $3520 
hundreds its Cube x3 will have fix Places of Fi 
gures to the right Hand of it, whence veg. 30414784 __ 
dy a Line the ſix Figures 305472 to the right 1033215 
Hand of the propoſed Number, The Cube of 912460800 
the unknown Number x of Hundreds of the cube 912460800 
„ein! found bs bes ee wen * 2 
Cube l this Part 5, but 1 the 7 
greateſt Cube it contains, conſequently 1 the 120702879, Cc. 


Cube Root of 1 is the Number of Hundreds of 


the Root which I. therefore ſet down in the Quotient and deducting 1 


from 5 the propoſed Number is reduced to 4395472. | 
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will be contai 


e contained 
Number 5305472, which exceed 


Wben 3 Number is not an e as the forego! 
however approximate to its cube, Root to any Degree of 
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T The Square of a Number of Hundreds which has four Places of Figures 
t Hand of it, being multiplied by a Number of Tens which | 
5 lace of Figures do the right Hand of it, the Product will have 

five Places of Figures to the right Hand of it: wherefore the Term 3x%, 
in the Part 43 which has five Figures to the right 

Hand of it. But the Product ariſing from the Multiplication of three 

times the Square of the Number of Hundreds multiplied into a Number 
of Tens, being divided by three Times the Square of the Number of 
Hundreds, will manifeſtly give the Number of Tens, whence the Number 
of Tens of the Root will be found by dividing 43 by 3, triple the 
Square of the Number 1 Hundred of the Root ;. to determine the Part 
of this Quotient to be employed, I obſerve that 3 * y + 3 x95 +33, or 
three Times the Square of the Number of Hundreds of the Root multi- 
plied into the Number of Tens, together with three Times the Square of 
the Number of Tens into the Number of Hundreds, and the Cube of the. - 
Number of Tens ſhould: not exceed 4305, ſince the Cube of the Num- 
ber of Tens ſhould have three Places of Figures to the right Hand of itt 
dividing therefore 43 by 3 or 4305 by 300, inſtead of the whole 

Quotient 14 reſulting from this Diviſion I find only 7 to anſwer the above 

Condition; I therefore ſet down 7 in the Root to the right Hand of be 

1 Hundred, and deduQ 300 K IN XIX TXT N 7.07 

2100 ＋ 1470 ＋ 343 or 3913 from 4305, and to the Remainder. 392 J 

annex the remaining Figures of the propoſed Number, and there reſults 

392472, which ſhould contain the Terms 3 (* +2x3 +35) 2 
+3 (x +) 2 + 27, or three Times the Square of the 17 Tens mul- 

tiplied by the unknown Number of Units, together with three Limes 

the Square of the Number of Units, multiplied into the Number of Tens, 

and the Cube of the Number of Units: Now becauſe three Times the 

Square of the 27 Tens multiplied into the Number of Units, ſhould have 

two Figures to the right Hand, it will be contained in the Part 3924, 

which has two Figures to the right Hand of it, whence dividing 3924 
by 867 three Times the Square of 17, or dividing 392472 by 86700 the 

Quotient 4 will be the Number of Units of the Root, which I ſet down to 

_ 3$X170X170.X.4'+-3/X.170, X 16 + 64, or 346800 
that is, 355024 from 392472 and there remains 37448, whence 174 1s 

the cube Root required of the greateſt | ( 
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8 this Cube by 37448. 8 18 un 1 AV 


F n n 8 8 
ube, as the foregoing one, we 
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144143} Method of 
may approxima+ 
ExaCtnels >: for ting to che 
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it is 15 to perceive iat; we may take _ $309472000060 * which is equal 


to it; pune 1s ap the Dea end be Ss dias then ex- 
. trakting the cube Root of the Numerator which may be found true to an 
on, and dividing this Root by 100 the cube Root of the Denominator; 


. N os > 3 —2 ro or of 5 $395472 9 will | be obuined true to 


pi Root her the f oſed Number is gone 
Remainder, the Operation being continued by adding — of wo 
180 that Komainder, the true Root will be HRT: 049 in We r to ny 
| 1 Exaitnels, - 25 in the nn | 
| 1. 
, "that the cube Root ef 3 may. be di | 
he dy "ihe ſame Method of reaſoning employed in the foregoing Ex- 
par nf engs 1 icy the Proceſs of Which may be expreſſed thus ; point every third Fi- 
numbers.” re beginning with the Units Place, und Ley theſe Points the Number will 
diſtinguiſhed into as many Periods 3s there are Figures in the Root; 
then find by the Table of Cubes the greateſt Cube in the firſt pointed Pe- 
riod of the propoſed Number, the cube Noot of which place in the Quo- 
nent to the right Hand, and ſubtruQt the Cube thereof from the firſt pont- 
ed Period, bringing down to the Remainder the ſecond Period; then divide 
.this* Reſolvend | y hre the Square of the firſt Quotient Figure, * 
ed us expreſſing a Number of Tens, whereby the ſecond Quotient 1 | 
of the required Root wilt be found; corttinue this Method tilt all the he Fe 
Fiods are brought down, and then, if the 3 Number de a perſect 
E there will be no ne 0 Gr but "an ts Laden aan annex 
ers three at a Time, WOE on to wy 
propoſed Degree of Exactnefs. 
A by reifing the Pinomist 1 11 2 to the third: PoweriRites Ire obtained 
- ii extraQing the" cube Root of 'Quaniities ; in ſike Manner, by . raifing it 
d the fourth: fifth, dec. Powers, Rules may be derived for extraQting the 
oots of the fourth, 'ifth, Ke. Powers 6 of Quantities : 'But to *compre- | 
bene under one al Rule, the ExtraBtion- of Roots, -the:Analyfts have 
ht a general Expreflion for the Power m of u + =. 
_ 2 o find this general Value of Cu +=)" or öfen + & mukiphed into 
"ef as often as goon Are Units lefs one in mn; let us firſt examme the 
theorem-for Product ariſing from: the Mukiplication” of ſeveral © binomial FaQtors | 
railing n „ ＋ , x + b, x +c, x +, &c. and endeavour to diſcover the Law 
y power, * IR the Formation of all the TR of this Product. 
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srRcious ARITHUETIcxk „ 
Muhiptying all thoſe Factors into one another there reſults⸗„, '  Þ} 
f 8 L LEA T- e e+bc+bd+b e's roo x3 ; 


5 + G b eh da de +bed+beetbdetede)s* | 
+(abed Fabee + abdeÞ acde+bede)s + abede. 
Prom the InſpeQion of this ProduQ it is plain, 1. That the firſt 
Term is x raiſed to s Power equal to the Number of Factors. 
2. That the ſecond Term norm ripe gh e by an Unit, 
having for Coeficient the Sum of all the Letters (a, l, e, d, e,) 
30. That the third Term is compoſed of x raiſed to a Power leſs by 
two Units, with a Coeficient equal to the Sum of all the Products that can 


de made by multiplying any two of the Letters (a, b, e, d, &c.) by one 
another. | 


4® That the 4th Term inclodes æ raiſed to a Power lefs by three Units, 
with a Coeficient equal to the Sum of all the Produkts that can be made 
by multiplying into one another any three of the Letters (a, &, e, d, e, &c.): | 2% 
— after the ſame Manner all the other Terms are formed. 2 
ing therefore thoſe Obſervations to the preſent Caſe, in which all 3 
| 3 equal, and their Number is expreſſed in general by m, it , 
| . appear War che Erſt Term will be g that the ſecond Term will be 
„ ' multiplied by a, ſince 8, c &c: are equal to a, and their Number 
is n that the third Term will be « , with a Coeficient equal tod, 
zeated as often as there are ReQungles ab, ac, bc, &c. in the Coeſici- 
ent of the third Term of the Product of the Factors & C4, , Ae, &c. 
the Number of which is ſuppoſed te be m : ſince all the Product; 
ab, ac, bc, &c. ſhould be. all equal each to 4, when 8, e, &c. are 
equal to a: that the fourth Term will be K 3, with a Coeficient equal 
to a5, repeated as often as there are Products ab c, abd, a cd, b cd, &c. * 
in the 'Coeficlent of the fourth Term of the Produ of the FaQtors 
e, * +c, * + d, &c. whoſe Number is 3. and after the | 
{ame Manner all the other Terms are formed. 
The Queſtion is therefore reduced to know how many different ProduQs 
a Number w of Letters will admit of, when taken So by 'two, three 2-4 
three, '&c. for ſup poſing that thoſe Numbers were found, :and ere e 8 
preſſed by A, B, C, D, &c. there would reſult x" + mas" "+4 a* x" | 
72752 * * G B . cc. for the Value fought of 


hut 3 Gift Po many Uifferent Product a "Number e 
4, b, e, d, &c. taken two by two will admit of, T obſerve that when all 
thoſe Products are formed, there will be twice as many Letters ſet down 46 


there are Terms. 
I obſerve next, that each of the Letters a, 6, e, '&c. ſhould be /repeated 9 5 1 
ke ſame Number uf Times, and that each Letter, being muſtiphed! by ll = —" 
696i n VP 
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dau ſhould: be. par pray — Nutuber "all:thole Pro- © 
dee ſhouſd be, © CE» , and this is ide Value” of 4, or of the 
Coeficient of the third Term of the Formula ſought. 


To find the Coeficient of the fourth Term, that i _ the Maher of 


| down + in forming 


* 


different Products of ihree Letters 4 b c, a b d, 
Number m of Lettets a, bj e, d, &c. will admit of, taken three 
T obſerve firſt!that this Number ſhould de the one third. of eee ot 
thoſe Products. n 
1 obſerve. next; that each of thoſe e ſhould be 


4 — its 


nene 'the: ſame 


acd,b'cd, &c. that a 
by three 


| Number of Times, and that this Number is the ſame as that which ex- 
how many different Products all the other Letters, taken two by two, 


* 


will admit of ; ag it is manifeſt, that each Letter à for Example, ſhould 
be joined to all the Produtts b.c, 4. «d, &c-- of tbe other en, ta- 
| ken two by two. 


The number of Times enfants of the Letters a, b, 10 1 &c. | 


ſhould: be. e © Ma the ſame as that which expreſſes how many dif- 
ſotent Products 


mber m — 1 of Letters 3, e, d, &c. taken two by 


—1) 2 (m— 


two, will admit of. Now we have ſeen- that when the Number of Letters 
was: m, the Number of their Products, when taken two by two, was ex- 
preſſed by the one Half of the Number m. multiplied by the Number 
m — . eee the Number of Letters is m — 1, we ſhould 


nuke the one. Half 


= of. this Number, and multiply it * m — 25 


1 b LEE 


x 2), expreſſes the Number of Times that each 
of the Letters. 241 c, _ ſhould: be repeated. in all the Products in 


Queſtion , and as the Number of thoſe Letters is m, conſequently, 
ALLE 8 will be the Number of all the Letters ſet 


«bs, «bd, &e. will be 
"_ B. or of the Cockicient of 925 8 8 


7 


R Number fought of ibe Produkts of three Letters 
Xn xm 22. , and this is the Va- 


" 


To find. the Coeficient C of the fifth Term, FI - 1. the 7 CI 2 of 


r 
"0 e e eee, ee a ker 


2 


— 


- Produfts of four Letters, that, a Number m of Leiters will admit of; I 
2 that this Number. ſhould be the one fourth of all the Leiters ſet 
don in the Products; that each of thoſe Letters ſhould be repea 
ſame Number of Times, and ſhould be combined with all the Products of 


ted the 


that a Number n — + of Letters will admit of: and in 
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133 


2X3 
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| for the ſame Reaſon that . NEED expreſſes ihe Num- 


ber of Products of three Letters, that a Number m Letters will admit of; 


1 e the Number ſought of the Products of four Letters abc 25 0 2 &c. 


vill be expreſſed by EDN N=. FS 
2 X 
| Forming after the ſame Manner 3 other Se Rete 2 SA | 


in the foregoing Formula in the Room of 4, B, C, D, E, &c. their Va- 


lues thus . there will. reſult at length | 1 het „ 
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ere ARITHMETICE. . 
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> of „ Xx: By ES 4 * X (n * 2) 2 [CE _— 22. 0 "an 7+. 
i 17999 9-09 1,254 I FOES: 6 wi 5 N 
*** _ n=) X(m—3 X = e 
e che Ned e 5 ; 
| In like Manner, the Value of = will 15 yu SO m Z 2 un" — 1 General few 
EE - == X — 22. - + 22 u LEY mn X — bo ok 2 e HEE 
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| Ml to- the Value of 2 — it is manifeſt” in i to obtain i W 
fuffices to make æ negative in this Formula, Which will transform it into 
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44 PETE 2 
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mula, we have no more to do 
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„ TY 
To raiſe any Binomial 10 8 given] 8 by means ef BY © 8 
tt 


(u + 2)“ in the Place of 1 the fifſt Term of the given Binomial, in the f the fore- 


Place of z the ſecond, and in the Place of m the Exponent of. the Power 10 fl BET 
which the propoſed Binomial is to be raiſed. 0 


to an Che 
ample. 
Let it be propoſed, for Example, to raiſe ac—2 bd to the fifth = 


beans 1 put 3a&= uw, —2bd ='z, 5= m, and there reſults 


"= (3ac}5 = 243056, wan”! = 0 50 a; (25 40 X (32 % 


e e — — ante 
3 1080 a3 5 3 3 d 4 x — 15 LE 


E 3 x 8 


=. 10 X =: (444)2 x (30 1 '= = 110 Bren a 
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fublitate | in the foregoing Value of Applications: | 
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"3 4X5 
1 ee 1 
s to the other Terms, heir Conficitts inchullng umwng Hick Pen 
n ho wv. is equal to nothing when m = 5, they ſhould all vaniſh; ; 
-whence the Value of-(3 ac — 2 5c will be irs cg 
+ 10ſ0 h T to # . 22058. 
| e 
tow: the | IF a Quantity confilting ig of nere lm tuo Terme is 0 be involved, it 
foreBe's may be caſily effected by the fame Method. If it be 4 Trlnomial, for 
may be ap- Example, calling « the firſt Term of this Trinomial, z the Sum of the 
Ons, bo of raifing uz Trinomial to any Power will 
inomial to the ſame Power, each of 


two other T _ the Diffic 
reduced to that of railing a 


5 oe the Terme . , LN DL gon an, de Joes wot. Include 


n An eee e 


XITIV. Fs 
To ſhew by an Ke is to "Wa 


ple how the foregoing ploye 
EY a riifilg to any Power a Quantity e of more than two Terms, 
th Power. Ip PRE gs 


deere let it be propoſed e "4k 3 
„ 25 25 — c, "rnd fablinatng thoſe Valoes i in the Formula, there 
reſults 7A, 2 24 X (2b =>) X e 


- M0 X 9 2 2 3 — 6X 5 — ex 4 MSP —=240 3c 


+666, Exe) xln=s) 2 * A Ab- nx | 


„1. 


„ * 21 b — 42e, 


"+ | | BEST fone) x 6 eng 4. | "a 6 = (26. — ie) 


_ 


3 2X3X4 _ 1 
| SiS ce | 4X3. (a) * "4 26 X' 
— : * 4X S 1 77 1 = 16 K — 32 + 4576 5846, 

colegurty 5 2b — Hf = 823 — 483 c hs 24 a3 52 
| 6 4 ca + E . 
| eee EAR, ; 


ff XX 8 


To fad the Roots of Numbers by means of © 
| 828 fourth, fifth, and in genetal fr mth Figure, ein Theor, 
| Place, is to be pointed, according as it is the Root of the fourth, 
n or. ä mb WIE VINE FE Rs 


8 


srzetous ARITHMETIC. | „ 


pointed 3 | 


Co is the greateſt w Power in the firſt Period to the Left of the given be 
Number, I the Root of that Power will be the firſt Figure of the Rogt theorem. 
- required, which call u, and ſubtract v® from this firſt Period. To find 
the ſecand Figure z of the Root to the Remainder annex the firſt Figure © 

of the ſecond Period, and this Number will contain the Term m. = 
of the Binomial u . E raiſed 10 the Pawer m, whence. if 11 & 
de divided by = un . and after the Diviſton i is performed, if what re- 


mains of the two firſt Periods does not exceed . gf * * 


2 
m. 2 9 235 . 1 1 — 3 — 2 m4 
ET 
the Quotient will be the ſecond Figure of the Root.. The third Figure | 
will be found by Means of the two firſt, as the ſecond was found by the 
_ firſt, and afterwards the -fourth Figure Gf there be + a fourth * after 
| the ſame Manner from the three firſt. EN ke 66 
* xxvVI. . „ 
Let the fifth Mot of 6436 be reqir 1 j 
the Formula of the fifth 34 is u5 + m1 *z+ 10 uw? 2 
+5 ; Wherefore 64 is either eq e ee a thod to an 
2 to 135 ſince no Root raiſed to the fifth Power will give 64; conſe- 
quently it contains it, but the greateſt fifth Power in q. is 32, whoſe fifth n 
| t is 2; wherefore 2 = u. I ſubtract 32 from 6 64, and to the Remain- 
der 32- I anvex 3, the firſt r one ys 1-1 Period, and there reſults 
85 now u*=16, and 5 u* = $0; I therefore divide 323 by 80, and the 
otient is 4, leaving 2 Remainder 3, which annexed to the remaining 
Figures in the propoſed Number, there reſults 36343, which ſhould not 
-exceed-10-u3-22 2 + 5 22 ＋ 25, but 10 2 2* is is equal to 
13280 Thouſands, 10 14 23 to 2560 Hundreds, "which added to the 1280 
- Thouſands already found, makes 15 360 Hundreds,. and as this Number ex- 
ceeds 363 Hundreds that remain in the propoſed Power, the ſecond Part of 
A Ae hat been rightly determined: Let the ſecond Figure of the 
Root be 3, then 3 x 8 = 240, and 323 — 240 =. 83, wherefore _ 
there will remain 836343 which ſhonld-not-exceed-10 u3 . ＋ 10 „ $3 . 
+5 u2* +25 3 now. 10.43 2* = 720 Thouſands, and 10 u* z3 = 1080 
Huidreds, which added. to 720 'Thouſands, makes +8280 Hundreds, and 
Sz * = 810 Tens, which added to 8280 Hundreds, makes 83610 Tens ; 


3 243. which added to ee EE "7 
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NNN 01 * Gall 7 Hinds 1 in 4 in fame 
Ratio with he two o Br, that their Difference will ſtill be in the ſame Ra- 
| do with the two firſt Quantities very near; wherefore, ſeeing the Nu- 
of this Fraction is in oportion to. the Denominator ae 2 
8 i Rl Lb Rader” 0. Wii) or © OO 
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It more Terms of the Series 14424 
1 the Root will be found exaQter in Proportion ; 5 ate 
. S were employed, e would reſalt for an 


Y ” if four 1 Terms 
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| OP of the e thew the Uſe of _ g Rules in n of Problems, 
ng here follow. ſome Examples. | | 8 

N poſe that out 5 a uſt bolding e Gallons of Wine a Full, @ cer- 

1 tain Brant x Was drawn and the Caſk filled up with Water, and that 


| Application 0 n ah 3 * N hy; dakkrel of thoſe Approximations 45 an 


8 Example, let the 3 x3 = | 50 be given, then aſſuming FF => 8 We 
proximati- 


Kr GC 


od 28 firſt Approximation. | 3 


Steen cx habe ==" 5 22 and conſe ; * i 1057 


a Joga 
3 X 253 8 


2 * 17 5 . 
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= akin E is defer a hen A! it 10 75 ſubllitute 


| e in the Place of NM in the Formulas, and you will by a new 
| Operation obtain à more correct Value of the Root OF. \ * 50 
%% (A | 


—F vantity of the Mixture was afterwards drawn, and ſupplied 
5 everal Times, and-then it appeared that beſides Water there 
were but r Gallons of Wine beft in. the Coſt: Heu much - Wine. was 
drown ant each Tinos 
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8 any has the Sign'— ; for it is eaſy to perceive, that the radical Part 
FF the . LO is (322+ 77 K a Moy hure the 
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3 ag ke a yea cubieal Ra- 
7  - ow” 4 often as HA —'B B-is not ſa perfect Cube, 
¹ u 425 mut ae y « 'Quanticy © , ſuch as thut the 
pfade 4* 9 — B* © nay be Dube; and now! ihffead of 
44 de muſt 8 1 the cube Nat of (A + B) * 25 3 ad = 
. ing found und be 19 0 the. cube Root of will gi 
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1 to find the cube Root of 5 bo 
- a7 aa ce — bb cc)], putting 2aac — abc. — 5364 
| =4mif=—[a5—6 V (ag cc—bbcoe)}; there reſults 4 — B* 
=2 b+ c6—2 @ b3 cc, which is not a perfect Cube. To diſcover-what will 
"make it a perfect 
2X:cX(b—a) x l; whenee- it appears that-by multiplying by 


i: will become a perfe& Cube, that of 2 X (Ben x6, 
or of 2 55 —2 42 63 and conſequently if the o_ Quantity be multi-- 
plied by == ſquareRootof — a 4X0 =x =), there will reſult a new 


Quantity 9 e — bBb)X (2b — 220 — 42 29 
the ſecond B, will 9 for IAA—BB), that i is, for n, 1 
Whence the Equation 4 f3 — 35% — 4 = o will be transformed into 
” —3 2 bb — 2 4595) 1 6 + 42 5 — 2 4a) Xx. (25 — 2 a) = 0;: 
*& ich is diviſible by p + a —5, that is, þ = þ —a, which Value being. 
ſubſtituted ivg 2 pp -n) there * L. . Va- bb); wherefore 
4 — — Vee = b will wy the cube Root of the Product of the pro- 


poſed Quantity inis . , wherefore I= e 


(425-247 
: 1 the cube Root required of the . propel gary 
& > - + 4 3 e | 
11 the Terms of the Quantity whoſe cohe Rant is to . have 
Diviſors, they are firſt to be reduced to the ſame Denominator, and then the 
Kube Root of 1 the Numerator is to be divided by that of: the Denominato 
LIIV. 


5 


Il it be propoſed to extract the Root of a numerical Quantity partly ra- 
12385 and 3 it may be Performa much eaſier than by the 
oregoing Met 
* Bar kappoGog feſt; that the Raot ſonght oni cot be afſefied by a ctibical facing m. 
Radical, but ſhould conſiſt of an Integer, and a radical Part, alſo an Integer cube wots of 


Number, becauſe p — g= VIA —B) when p = AB we will due, 
| ws = 3 (ASFI+3V (+3) ; whence the rational Part of Blades. 


the Root will be obtained bs computing in the neareſt integer Numbers, 00% 
Y(A—B) and I/(4+B), and —— the one half of theſe two Numbers. 


;For aſſuming for /A — B) and for 74 + B) the neareſt integer Num- 
ns WE actional Parts, 15 Error that can ariſe in 3 of theſe- _ 


(Want will be leſs than 2, and conſequently the Integer. Number that - 
2 unt ü, ory, ail a. 
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Aer fra; its true Value by Unity, and as this Value of 5 ſhould be an . | 
 -teger, it will be exaQly determined by this Means. | 
Having thus obtained the Value of p, and that of n or of 3 (44—B B) 

2 given, ſubſtituting the Values of p and ae 27 V2 hit the ſecond . 


Te ef the cube Rootrequired will be obtained. | 
55 Ik the Root ſought ſhould have its two Terms affeQed by. a cubical Re- 


* Seal which happens as often as £* — B*-is not a perfect Cube, then as in 
ſpecious Quantities we muſt extract the cube Root of 4/2 + 'BY . On | 
Veing a Number ſuch as that 4. . — . © may be a perfect TO 


mg found this Root, divide it by the cube Root of . 2 1 


| LXX TVI. 
oy * To ſhew the Application of this Method, let the Cube Root of 7 us 5 7 2 
5 1 putting A=, B= 5 Ja, I find n or, / fl. —B) =—1, 
4 afterwards obſerve that the Value of VC. 4 ＋ ., or of V7 + 5v2) is 
* nearer 2 than 3. I therefore aſſume 2 for its Value, i in like Manner I obſerve 
tenen that FR (47D, or VO 5 V2) is nearer o than LOR 4 this 


APP the 1 


exam 

[ P eee 444 J ED Ga (eo 
=. -clude, that if the do Root of the N 179% 7459 can be ex- 
= _traQed, it will be 1 + Ja, and in Effect not raiſed to * 
"gives 7 S2. 1 

We 


„„ een Here 4 4—BB= 2, 
but 2 not being a perfect Cube, Texamine what Number / Q, by. which 
5 +34/ being multiplied; will render A A—BB a perfect Cube, 


and finding 2 for this Number, I inveſtigate the cube Root of 10 + 6 / 3, 
Another er- and I find n — 2, and the neareſt Value of . . 


ample, 
Pw Late, ytEVfro= 6/3) in Integers to ba 1, fubſt 


3 bung thoſe Values'of pandving=u/(pS—1) Liindg V 3; and 
= * finding upon Examination that p ehe ＋ 75 is the cube Root of 
546 Y 3, I conclude tha 4 i the cube Root fought « of 


=... . 8 0 
_ : „rent. 


= 2 The Computation 3 þ may be rendered more ſimple by 
1 eee 
WM oblering tht inlet of 4 ve mg put 


5 going me- 
tzbod ten- 


dered more 


e „ 4 0 + 
f . 2 | face mart (4L—B) = 


— 


. 5 PE 10 U 85 4 RIT u r TICK. 
I V XV (4=B). Whichis Gimpler than IT * 43) 


becauſe it is eaſier to divide the Number n already found by N B) : 


: Haw to compute ſeparately A- 9. 

; „ oo 

+4 To ſhew the Application of this new Formula, let it. be applied to the 
Exampleof Art. 1xxxv. where A was=7, andB=5$/2. After havin 
5 found, as in the ſame Article, that » = — 1, and that 3 (A+B) hen 
in the neareſt i integer Number, to be 2, inſlead of ſearching, as in the ſame = 
Article, the cube Root of 7 —5 J 2 in the neareſt i integer Number, I di- 
vide n or — 1 by the Value 2 If (A + B) which gives — + which 
being ſubſtituted in 35 foregoing PS which > OY the Value * bo 
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Application. 
of the new 


| vareſt i integer Number) for the Value of p, as found in the above · men- 


5 tioned Article by the Formula — . = — = — the Remainder 5 


5 of the Operation i is performed. as in wy fame Article. 1 i 

hos LY 1s to be obſerved 3 that ak new v Formula 8 to os, nt 
if A and I have not the ſame Sign, for when theſe Quantities have diffe- 

rent Signs, the real Value of (AF) may be ſo (mall with reſpe& to 


x, 'thathe neareſt n Number aſſumed for this Pens will give for This _ 
EL, 3 * * 1 - + 25 1 9 ee 2 
be, ts pm. 2 . b 12 


C 


Value by: | Units, "Row Exemijle; if it was required to extract the cube 
Root of 45 — 29 / 2, putting 1 = = 48 and B=— 29 ½ 2, the Value of 
34 (4+8B ) or 0 37 12 299%) in the neareſt integer Number 
will be , and as e . e or a 


in * TROY: — FT | ; 

— * — vil be found in this . 
which i in in Reality is 15 . to 3, as may be proved by the Expreſſion 
te tn, Toa rn of the foregoing Method. IT 


by op vided 9 this new Method of ſing: the Value of Fs exaQ, 

3 nd B. bave the ſame Sign, it is of little Conſequence whether it be 
; 5 tia, or. nqt, when. thoſe Quantities have different Signs. For it is 
y to PENS e that: in this TOY, we have only to FTE A and B to be: 


2 * 
* N tru 2 
. * 8 35 2 * 3 8 
N TO oy 
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— d dirkar that will Get from: b fee Sfe- 


rent ſigns; 


do we 
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8 " What is to 
de done in 


this caſe. 


BLEMEN e e, 
ee ee then givep the ſame thet . 
kran g Sign that B has. Su | 
 K-remains then to examine, whether when A und B have the ſame Sigr, 
or what amounts to the ſame Thing, if Fand B be both polativey ve. 
5» 23 (A4+BFt | 
tay knn in * Lee 2 in the. Nied of 


37 ( A+B) its wa in the nexget in eger Number, ſo that the Value 


which will reſult will not differ from its true © Value by Unit Ye , to be aſſured 


rence between the Value. of 
now, it is —_— that this 


of it, let the Value of */ (_ 4+ B) in the neareſt integer amber be ſup- 
poſed todiffer from its true Value by #, which is more than can ever ha * ä 


. rtr ö 
ben. In this Caſe, be Value ef p ill be — a — 
to ſhew- that this Exp af en re eee 
_ Vaity, let y +9 be f tuted in the Room of 2% ( 4 + 2) with +10 
22424+ 47 2 


i the Roam of n, and there will reſolt — 


which deduQting p, the Remainder —=L- 


25 127 1 
in the ne teger, and its true Val 
Wantity can never equal 4, for in the 


that it includes, the Numerator q + 5 being 


| 27 
= lil allen hv oue half of kein vill be emp loſioten the one half of 


a b 5 2/þ +29 + 1; ind in the ſecond Expreſſion 


5 oye under the radical Sign, or before this Sign), will 


_ Caſein 


which the 


. xwo 4 


— which it like- | 


. 27 | 

wiſe includes, the Numerator — 9 7 + 2, being ik chan the ons et a, 
will be alſo leg thanthe one half of 29 + 2 p— 26 

- Whence the Value of 5 determined by the foregoing Method, cannot 

and conſequenily r 


differ from its true Value by Unity, 
A + B, partly rational and partly irrational, ( in which only Integers enter 
a Cube Root 


wks 1 89 in e e Hh 2h nn 


Bat if the "ENDS * 3 Har of man n A 
fractional Root, ſuch as the Quantity 2 +4/ 5, whoſe cube Root is +iv/ 5, 
it cannot be found by either of the two foregoing Methods. 

To remedy this Inconveniency, the Analyſts have fought in a dire Man 
ber e the frafvional * which when cubed, ä fumbers. 


PP, #7 
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"= leet hath Roots be wl by 2+; pad m toning le- 


3 have no common Diviſor, and 9 {Rant af integer Num- 2 1% 
” ber, which will admit of no Reduction wk the Number n. Raiſing this. 


ty to the-Cube, er reſult 25 + 9 for the rational 14, . 


EEE Ne ee . 
. 


| . 6 medy this 
Par, wt 22 Þ . Je inn Now, by the dern. 
| Conditions of the 5 5 the firſt Part . + +, and the Coe- el 


ficient - 32+ d ths cond Part denn bs e Nane. 

| It 7, 8 be put equal to l, which will expreſs an in- 
 teger Number. Tas e but this Quamity by EU- 
 potheſi ſhould be an integer Number; conſequehily 268 ſhould be 


allo an integer; wherefore 2.7, ſhould be likewiſe an Integer, nd) 


ar ores ſhould be a Multip le of m. mY TR. 
Now let n = m I, conſequently g* = 5 m3. 13366, fl — 5 


| thoſe Values ef a . in 2 + 322, this Quantity will become 1 


after the Redudions 22 35 41, which ſhould be an Integer, but 


p and m having no common ae this Quantity cannot be an integer 
"Number, unlels e. be r or 2. ap hs we 8 to perceive that ij 


bg; = 60/5 07 ens res 
. eee 9 


Root can have no other Denominator what he. firſt and - conſe- 0 
* _ 18 e tp 4 * "0 5 
hen therefore the & Quantity 4 ＋E B, the rational Part of _ 
which 4, and the irrational Part B is expreſſed * cannot be * 1 2 
by — foregoing Method, we have no more to do than to muliply this 
by 8, and inveſtigue by the foregoing Method the ute Root of . 
the Quai eluting om [SR and af does not i OE 
| rial is to if 1 the one of the cube Root N 
5 F 


* — 


ELEMENTS: or 


1 

N Wben the 83 A and the Radical B are FraQtions, ar 4 to de 

= reduced to the ſame Denominator, and the Root of the Numerator and 

= 7 Denominator are to be extracted ſeparately. Thus, to extract the cube 
5 oh Root of / 242 — I2 2, this reduced to a. common Denominator 16 

N 8 * — , and the Roots of the Numerator, and: Denominator ſoon 


eme give the Root x + ©. And if you: are to extract the cube 


Root out of 39 3993 + $4. 17578125, a its Parts by the common. 
Diviſor 3/3, and the Quotient being 11 + / 125, the cube Root of the. 

' Propoſed Quantity will be found by taking the cube Roots of * * _ 8 

11 ＋ V 125, and mulnpinang, them inta.cach other. 

3 5 po . 
What js to If it be propoſed to extra& the cube Root of a Quantity 3 ob 
be done two Radicals of the ſecond Degree, whether it be a ſpecious or numeral 
 whenthe Quantity, we-bave no mofe to do than to multiply it by the Cube of one 
ſhould be Of the Radicals that it contains; the Product that reſults being a Quantity 
the Sum of partly rational and partly irrational, Its Root may be extracted by the 
tworadicals. foregoing Method, which when found is to be divided by. the Radical, 76 the 


* 


E F is Cube of which the propoſed Quantity was mukiplied. „ 
1 " * Xerv: 1 
„ e be T the fourth Root of a Quantity. as A + B Was 3 fi a, 1hs: 


4 5 by an ſquare Root is to be extracted, which, if it cannot be found, much leſs 
| even num can the Root of the fourth Power be found. In like Manner, all even 


3 2 Hg prey are to be fought, ee y e, them * e the 


kxev. 
13 tera] if . „* Root of the Quantity 4 + 2 was a died, SEM 
(a+ 9)" =4+B, and raiſing. p + 9 to the Power m, it will appear 


naa 


that 4 is the Sum of all the odd Terms 7 e 25 : 
, 2 — ir e. and that Z'is the Sum of 
for extract- 3 5 | 
offay yow- ll the even Terms m 128 3 =, 5 5 7 a6 Þ 


3 rent m (m | 1) —— Die Dy a. 62505, 45 whence, when 
"Cones. A is the m Power of 5 + 7. A -B will be the mib Power of 93 
conſequently (A- B) x V(A+B) = (pto)xX(—9)., 
YUED + V4D * 


or = — * n, or 7 = : PS alſo 
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5 HIP % Fs - 4 + 
241 2 e d / 1 1 g 
. 2 5 _ N . * 8 5221 
. 5 i * 1 1 JJ. os ie Saas 
2/(A4—BB) = = = /(4 + BY X 94 B), and . ey * 
Compoſition” of the Binomial 4 + B we ate lead to its Reſolution, when 
Bo: is rational, and A* — - BY i is a perfect m Power. | 
e 5 : 
lt the mb Root of 4% — Bz cannot be taken, multiply 4 A — BY a 2 gk 
: Number ſuch as that the Product may be the leaſt perfect m Power 
2 2 . . Q; and now inſtead of 4 + B extract the M Root of | 
-(4+8) XV, as above, and when found, divide it by*'4/ 2 and the 
t will be the Root required. 
I To find' this leaſt perfect Power m- * ) that ſhall be a Multiple of 
NH = BY by a whole Number Q, let this given Number 4* — 8* be re- 
preſented by the Product 4 57 d f, whoſe ſingle Diviſors let be a 22: 
. 4 34 — and the Product of theſe Diviſors raiſed to the Power , 
which is a” 5 F divided by 4 bf, will give the Quotient 2 
$7 OWL. poll =2 a whole Number, provided ſome Index as n 
or p be net greater than m; if it is, take, inſtead of the ſingle Diviſor, a or 6, 
6*-or 52, as or 5, Kc. till there be no negates AN OOTY that | 
bo. till ©, be a whole Number. mM - 
3 1 Eq 5 ebe ie ann) WA : ' 
Having n how Equations are ſolvy compleating them into | = 
fed Squares, the Square on the right Hand Side being a Quantity 22 Refola nt BR 
N we ſhall now proceed to explain how Equations are compleated in- of equations 4 
to perfect Squares, the Squares on both Sides being affected by the un- * ef even". | 


known Quantity. Let the Equation x* — 9,x3 ＋ 15 ** — 27 x+9 =0; ts b 
be propoſed to be ſolved. according to the Rules of the Extraction hem, vr 1 
of the ſquare Root, I find the two-firſt Terms of the Root of this Quan- *2 perfect 


tity to be K* — 2 x, Let the whole Root be expreſſed by! ained by 


an examp 6. 


>: 3 , 
WW. # 
e ET T OE EIN 


a3 we on + 4 ; now ' obſerving that the laſt Term 9 of the 
oropoled Equation is a 2 Square, as likewiſe the 55 Term of the aſ⸗- 
ſumed Equation (* Ex+4) = = = x*—9x3+(24 Þþ . 
7 
I put 4 = 3 which will transform this Equation into 
* 9 + n — 27 * ＋ 9, whoſe Terms agree with all * | 
'Terms of the propoſed Equation, | except the third; the Difference of thoſe 
Terms bug 2 4 to compleat therefore the Propoſed Eoin ito 2 | 


3 


# + 2 — 2 


* 


2 


N ELEMENTS: or — A 
Era Sen ado bat Wha i 4 * i the Square * 
Root of is, Ind 8% —> x + 3 = 2 x 2 1 conſequenthy, © 

/'5 + EX * to . 5]: EY 


| | 3 3 5 
. (2 P 


Another ex- he propoſed to be ſolved, according to the Rules of the Extraction of Roots 


apple, 


Terms 
1A +2 AB x + B* compleat it into a perfect Square 


1. ah the two firſt Terms of the Rene of this Quantity to be x* — a * + 
Let the whole Root be expreſſed by ** — a x + 4; now obſerving that 
the laſt Term a* of the propoſed Equation to be a perfect Square, as * 
wiſe the laſt Term of he aſſumed Equation (* — a x + 4 
* 24 * + (24+) *—2ea4x + 4*:'I put 4 = 4 
which will transform this Equation into x. 2 24 3 % 2 2 6% 
whoſe Terms agree with the Terms of the propaſed Equation, except the 
third, the Difference of thoſe Terms being (3 — 2 +& ) x* = 
4d x* ; to compleat therelore the propo Equation . 
ſiect Square, I add to both Sides of it ( ene, and extraQting 7 
ſquare Root of it, I End & — 4 E N +), and — 5 
Auentiy æ = 4 4 WW 
> Jo | 
Lei in general the Equation + 4 3 30 be 
do be ſolved, in which p, 9, 7 7, are the given Gase and 


1 the Equation is clear of FraQtions and Surds ; 


3 ee ET * 


— io the Rules: of the Extration of. Rook I God the wo fit 
the Root of this Quantity ta be & — 4 þ x. Let 1 
that the the 


| whole Root ſhall beexpreſſed by r. + 4 f + 


I obſerve that + A, if they are F they ſh 
ſame 1 ü they deſtroy 245  Fnion they hood hav the 1 


wger 3 3 conſequently 1 is an | Integer, or half of an * 


hg” Ie 
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- "Now * wat 3 ++ ry —2 2. e al 
=, putting 7 — = we have 2 4, | 
* 2 4B ＋ x, & 51% : Toning therefore ue Vas 66 | | 
28 given by the e r in the other two, ve. att ys io pres 
2 —2AB=8, and 4 4* ia 4* — B*= : Suppoſing ties, by 


B=r , nd &=s — £6 6. In which Equations the unknown compleating | 


* Quantities appertaining to the latter of the two aſſumed Squares are only pere 


concerned, and from which their Values might be found; but as the reſult- eee 
ing Equation, when one of the Quantities is exterminated, riſes to the ſixth 29 other. 
Dimenſion, and would require more 'Trouble to reduce it than even the fecded od than, 
original one propounded, little Advantage would be reaped there from: by trial. 
The Analyſts therefore, inſtead. of proceeding i in a dire& Manner, have en- 
deavoured to diſcover ſuch Properties or Relations of thoſe Quantities as 
might enable them to gueſs at their Values, which 9 be e 5 
; _ by Means of the Equations hae exhibited. | rn 
To t 4/6 — 6050 then have ee in this Reſp A, it is to My FY 1 
ſerved, that A and B may be either rational Quantities or Radicals, and in 
this laſt Caſe, as A * +24 B x + B ſhould be a rational Quantity, 
A and B mult be affected by the ſame Radical. Let then A = &y n, a 
B In, by this Means the two Equations derived above will be cha- 
"ow 2% KU — 42141 * 8, and e 
or 0 % b 24 = To ad $6 Ha * 
5 edi vely. . 
Now fince k 75 run been, or Halves of integer, aN n an 3 
1 it is plain, that: . and * muſt be Integers likewiſe, or-at 2 29s of four on 


leaſt the Halves of Integers, and conſequently that n (whoſe Value we are 5 


| ſeeking) ought to be ſome common integral Diviſor of & and 2 8. this manner 
| Moreover, with Regard 2 & and . it is evident from” the firſt of wle oF 


| Eqaian fi- T that the former ought tobe fame Divi 
FR 2 1 
4 and ihat i u. de T - be taken from TN the hen. 
der vill be we Double of J. | oe Ty 
It fürther appears, from the 3 2= ; 2 + 2 Pl aa ls. 
in fublieing N 4* and BY es ge: ode n 8. and THT that 8 1 be 


% "x & 


* 
F 


* 
W 


- 


* A R N 22 wa rs N NETS" "I . «a * N . 2 3 
* - 6 e * 2 n 8 "> . wt N * K hs * 1 _ + ES RS a1 » rad N 
. ts = Pak SAND : 8 . B: be ES: 5 FART REES. 7 e T e Y 
< ee Ns FE Fe 9 2 : NEITHER tn, ITO A 2 ):! ß... e 
bor . 1 9 — 4 - — . 2 $ b ? % 
: > : NE 15 5 r ; N 8 fo 
AY, 85 * 5 : EY n 9 . N * : 3 
* 3 N — 7 * 8 2 * 7 * ht * 2 þ * 4 * 
0 CR 34> 1 es. I © Ss 
. - x 
j * : * * ay 
5 4 * 
* 7% 


{RLEMENTS: or. 3 
1 | —.— 1 ee ih & Bl 
FB 
1 tion, I ma a ime T4 
_ — * this Value, with that . de 60 for J, will be 0 Proof = 
| "that in aod-£ have been right Wim and dhat adding to | 

uation the Quantity nx Mun be complented ini 
bquate ( Ip T £2). 


* 


e e ee 
„ der the Values of # and 4, it will be er- 
K : Dinifors as are not to the Purpoſe, which may be NG: from the 
Eke of the Properties of even and odd Numbers | 
F being previouſly tramformed o 
2 282 J, Po Le the Wa” | ty 
Fee and conſequent] ow; | 4a l, will el wg 
| ſubtrated from. the . 72 an 
A w A ROS 4 EN is here an odd Num- 
both u = 4 uy 3 be odd, (for the Product of two even Numbers, 
becauſe 2 4“ is odd, that 2 & muſt be odd too and conſequently & the 
4 Hal aof an odd Number. 
FS J e eee preſſed by 2 2 +1, 21 T1 and 26 o+ 1, re- 
* „ ivelyz a, ö, and c We Integers : In Conſequence of which Aſſump- 
1 83. +8be + 4 + Ä 4＋. 4 1 — 4 
=_— Os, 27 F EILRPLED T e Fog 
de an Integer likewiſe: And fo ö being an even Number, it follows that 
N n, or 2 þ + 1, muſt be double of an even Number, (or a Multiple of 4) 


Fade pecient, in Order to diminiſh the Number of Trials, to diſcover ſuch of 
ps n en e e 
ee an even Num 

bt bf an odd one and an even one is even and not edd) z whence it —.— 

: # TR 85 ow ſeeing p, u, and n (when g * fuch) 
tion, the Equation 4 HU p* — 4 will by Subſtitution be changed to 

nifeſt, as all the Terms but 4 5 are ve Fe ba. Integers, that + 5 muſt 

increaſed 1 3 5 ; therefore all — Diviſors of 8 and 2 C tha "= not 


even » Numbers NILES 


Es ta 0 


8 * N Faun . \ ra o =: . 4 y * At 3 rae X J * 
Lt * 1 * Ss * LS „ S . 88 A 14 n 2 33 BY Se, RF NEL 1 e 1 P 4 * 
R 9 - * o * = di * 9 A Rr I Ie LO It; ETC SW VC ECTS WoW Too. 2 2 * 7175 * 5 
9 n 25 * N 2 ph. . ö „ - s . r . 9 SE - +. © _ * 3 5 1 
3 x AAS * 93 - — 9 d LY 5 Fry %* 2-7 FS XS -4 4 
3 FCC J r 3 3 0 nat n * - <5. 
: y * 28 N gat ox ; F wy o * 
F * N . ; * A Fl A 
Ws 282 as, 8 3 7 4 LS. 13 * 
a 4 5 wi» Y 
* N "T4 , 1 * * x * 8 4 
— 2 * * 2 % — 
* . e 1. 


ende Len Tick- 9 


E. 


. ws Tquation # ©; = 2B +7, would-be even, and not od. : 


125 _— HE 15 4 : 

Let they. 2= - —— „ then $3 = 7 =- _- Ec | 
bat 32, or its Equal I, being here equal to the! uare ro gf Ha 3 P 
| 1 joined to a W nn 3 
Lateaſ= 24 'd | hen r = 9095 


conſequently 8 2 5 . : = 1 * 6 | * nt N > — 
5 4244 — wh, 9+ of 1 — 

"= ee err = 1+ 4.x (- TF43 Þ479* ** W 

Weber n is poſitive, and the Double of 9 W IM 


| of 4 increaſed by Unity, ben the Fraftion = 


poſitive, hut negative and a Multiple of 4 leſs Unity, when this Fraction is 

tive. | 
ions thoſe ſeveral Contlufions is erive the following Rule for the 
e e Equations of four Dimenſions, contained e 
2 1 \SEPS af + 0,99 = 86 tn 2 HOP. 1 ani fa 

„ „ | OR 

Boles 2 1 N 5 145 and 22 — 12 thin put 
| . n ſome Aw integral Diviſor of A and 2 &, that is neither a Square, 
nor diviſible by a Square, and which being divided by. 4; ſhall leave Unity, if rule derived 
n be peſnide, but a ee , Tm atber p er r from the 


be add. Put alſo for ſome Divifar- of £- 5 be even, oo Half-of the aud — = 2 


Divifer if þ be . Tate the Syationt from 151 te u.. 


mainder I. Make A = cn—_—_ , and try if n divides C. — 5, and © as 


tbe Root of the Dyotient bt chute F; if fo it ba ther” the rappfad- 
Equation, by Means of the Values thus Auer, + wel 7 reduced 80 
4 HDL TVN (AA. 

That the Diviſor A oughi not here to be @ Squate, is 8 ET 
been. _— 8 ſince pg -_ would then be from hs » 
tities; and that it o not to e Squere; will alſo aqpear; if it 
be conſidered. that & and / in the Langes eee, = N 5 
are io be taken the greateſt, and = os, ihne the Caſe will admit of. 


2 
12 the Equation 1 ＋ 12 1 17 =0 bs propole'to-be reduced. - 


* D P =— 2 was " 0 Cos pond oh x 
* "FP ts he ae 4 KEN N S 1. * 8 546 45 r as 
4 8 N N 8 n 9 * TY hh , DOS = 
FI 2 * 3 N 1 * F 8 bs 2 * P 
| | ; 23 : 1 cc 
* 2 1 . 2 32 x 8 
A 2 7 << a, * + 
RS bh : 8 1 Nr * * a : - 3-4 - 3 or 222 Fox 9 þ 
\ 3 3 p TOI" : 1 2 \ 8 7 ng þ 1 FIRE 8 * 9 1 38: Hy 8 th 9 of 
: ? 0 8 M 1 f & ENS 4 — A 1 ? 67 Y . r * n * 2 — * 
1 5 X b L 8 — * ” . x 3 * . Wee ' £ Ny 
5 8 25 f 3 r =; ; . 3 CAPE » 
1 7 0 > ? — 1 3 . 5 © IG L 0 
. — : I 5 ; OF 2 : N 5 3 x 
o 4 * A DIY ”" 


* 


92 ; 


. 1 
'T 8 0 F 12 


* 


* > : ; $5 
BR ip. I TH 13 
K+ 153 Y I 5 EE 5 > 7 
4 ee 5 T5 } 8 


mmm eve enen 175 0 
= - "nn 12, = — 17, and f and 4 K that 1 14 
| eo: r | 17 ol 


1 f 6 ly 2 for a common Diviſor, 1 yp be n . 2. Ain £ = . 


— 


2 : : = 15 Application 


whoſe Diyiſors I, 2 3% 6, are io be ſucceſſively put for 1 2 —3 1 
bee the * 5 
dei mle 


= wee 8 t4Þ ee rd for F _ bu LEE 3 tht by, ken. 


+ 8 0 7 3 5 
A 1 * 8 — mad f 12 - 3 * n % 3 3 8 8 
— OY . 5 * 8 > 75 4 — * 8 K AY *1 4 . * N „. 3 8 3 ; + Þ% © 4.4 


gate ow a 
n * 23 I 4 f 
WE \ N We 3 .9 eg | =» 4 


5 =; and when the even Dirifors 2 and 


gr Sham e © — bg 
b 1 ery, is 5 by n r 25 , wherefore 2. and 6 are to be et 


cou LN Fido r vely ; which: e can be vided b ＋ and the Root 

=_ ei e ee a, Sn Loy 
= 1 2 3" coincides wich I I put therefore 4 r 1, l= , L 1 and 
ww | adding to both Sides of the Equation n K x*+ 2 nt Ix + n1*, that is, 
—_ 2x*—12x +18, . 
M ansddigg the Root of esch, & ＋ 1 A 4/2.X (30, and 

= — aguin, extraQting the Root of this laſt, the four Values of x ae 
—_ .. ie Varieties in the Signs are — f % 2 + V (3V/2—+), 
=. VVV 


by 
* 


—_ :. . erv.. a: Fn abit 

mn * . a Equation 5 — 11 —5 8 Lak N 1145 i, = o be p 
1 5 Th ego-. hav 19 Ae 6: 5 7 58, — N „ 5 — #15 conſequently 

* r that is — = 37 5 and - — _ 4541 have us one e common „Dirier 3, n 


50 . en the Divſr of 108 = Le, 3 54715424, an ie. 


. Wpereſore I fieſt make Trial with 351 and dividing. or — — 105 by i 1 


1 get the Quotient = 35, and this ſubtraQed from FÞ4 = — 3 N 5 leaves | 
V 26, whole balf, 13, ought tobe can. but i or = 3 
55 „ abs 20 is equal to 2. PTY DAN —; = 2 A411, which i is indeed 45 ible. 
: by n == 3; but the Root of the bs nl 185 cannot be extradted, there- 


| fore I fees the Dir 171 


— A? oi 


* 


T 
. 
es 


* We 7 * 


— . J . * r ; : . 
& 5 — by 


| a PR ME ä N ä oo" L p 
N * n „ F * n * 0 WP N T7 COS 6-5, 3 bs 
» 8 A 4 * JEANS" PR » + od r ＋ 9 A 2 9 * 
r 387 Sin ho © 24 [Ie „ ² . ̃ —ñim¼t¹̃—ẽ ET ET A · L. nes 0 Vet 0 He OY EW —þ ; 4 NI 
* 9 r [ FE SS oh LL E E46 oe E 3 « os Ls 5 © als: * 
ns N - 6 * EOS OE * « R ERAS ide: $81 a8 8” v 1 7 « r 
oY N . {> B 15 o We 5 . . 0 » 4 =. 
TICY 255 : * . 8 . N \ — * > 


srrerous An TAME Te V 
— 05 the Quotient is — 2, and this s taken from 3þ {==—3 * 9 
dene Sal Ade kae Tine £= E = 7 =&+29 +. 


þ 


and Q. 5 or 16 + 11 is diviſible by n, and 'the Root of as Quotient g, 
that | is 27 A Whbence I conclude, that putting „ 3 
2.24. | ng to both Sides of the Equation, the anti 

* 2 „ + nÞ, that i th» 7 r 55 27s and APES: = 
| the Roots, it will be 

x + px+2=v/n X(k x+1), or a — 3 x +4= £4/3X(5943) 


| und in extralng the Root, F= e * V 1 . 


| ev 
No Regurd-i in the foregoing Rule is had to that Cirenmallions in which 3 


beben 10/ be nothing, In this Caſe,” the Equation 4% E — 47 "OY 
| | becomes $9 —2 41=03. where. one Root, or Value ef . se. 
vie: om — 


muſt. 3 be nothing. Therefore Q. being = + a, we haye / / n de *pplied. 
4 at — 5; fo that by a ditect Proceſs our er bs 50 - 
Equation is reduced to x* + Ep x+ MES M ) W 
1 27 2 . - Sox, 

Thus the 5 HAY 2 x3 — 37 x* — 38x +1 =, 1 
= «=—38, '8'=0, is reduced to & þ x 19 2 + 6% 10.” 


" Beſides the Value of k =o when 8 = o, there are two other Values 
which equally fulfil the ſeveral Conditions required, and bring out the very 
Li eren 4 . . | 

or ſubſtracting uare © the o the original Equations, 
229—ea=AApg2—r=24B, &. = Bz: from the Product of the 

* two, there wil be obtained the Equation 23+ + AGA r—j) x2 

+ IX („ rr) Zo, wherein the unknown Quantity ©, is alone 


concerned, which Equation being of three Dimenſions, the Root & and con- 
| ſequently 4 = — will admit of three different Values. - 


Thus the Value of E inthe propoſed Thos x*þ2x3—3 1x%—38 258 0 


a may be o, 3, or 4, or which comes to the ſame, the Equation itſelf may be goo 1 


His rule 
to an exam 


reduced oi = ok +6910, + x+Z= = +y/3x(3*+5 2 "HP me 


or to x* +x—3= +2 * (4x+ 2), all which are,- in Ele, but 
one and the fame hs rage m3 will Wee 155 an ate N 85 boy COR 


$57 f « 
— 


nr 00 and 2 


* 


* 
-» 
1 
N *. 
* 
* 
4 
* * N 
* . * 
a 
* 
* 
+* 
* 
- 
* 


Applicatica] 16 the hi 


of the fore- 
ing rule 
or redueing 


* 


J ood og at ag ci 


- 


bo * 


5 . n Ts ON —nz*+9)=0. be. mY 


* » » 
4 4 


— 13. 97, 11 


Here p 3, 1 U. 1 


= 


„ 


— 1 891 — 
chi\Divifors:of 8-are = 3, 


7, — 23, and thoſe- of & 4e. 3, and 
| 3 for a common 


4 2 e Za 4 * 8 * 2 4 7 5 * ; 
4 D 2 * 4 28 2 5 K 3 5 A : $ Gy 5 g n £ 4 A 45 


Term of the Equation to be reduced has a Cochicient dif- 
ferent from Unity, the Equation may be transformed into one that ſhall 
have the Coeficient'of the higheſt Term Unity, and the 

be ap lied to. the new 


5 


* 


* 
K & * 
2 
I 
BIEN . wo 
* S% Xt 
8 8 E: 8 p * 
* . 8 5 
yp $8 : 2 
; * 1 
. 2 
LEES 
% N 
* * 
* 1 * 
1 i" hy 
— WA ”_ * a 
8 2 TTY 0 2 


8 r Pe) 
* \ Le: ded Lata 1 7 
” * N Alt ge 97.094 
. 21 
* * 9 
e 
de 4 2 he 2 1 
1 


DRE. 8 . 2 2 * 8 


TE X —_ = 7, an + pp +8 7 + n will 1 
e en A de IR. 5 oY 
For Example, if the Equation ee 400 4.313 0 „ 

here 2 * ==. 5, and conſequen = a, ; m3 ='8. 4 2 4 


Sab ituting y for x, and e ng the Ning ths Corficient of the third Term by 
* the fourth by 4, and the laſt 7 there will refult, 


ff —695 % = 16007 + 2520 % 5 

| He $S—6, 9274, 7 1600, 9 2520, HE A= „ 
=; „ 2 = 3 * 265 = 795, and r— 47 e 7 
Lees = 5, en. — == = 
. e 

- The Dieben of # are —— EOS a 23, 7 c of 38 1 
, = $233 bee 25. 2 = — 24. I 
* 25 eee 1 


pyB :CIOUS"ARITHMBTICK.. ö 11 


e 24 


| and LH,=100, H,L,—1=100—2520 82 — 2420, and .-- 1 

he ne ſs l 
. 10 =(73=22) 3, and reſtoring 4** r and. 

bor 5, and dividing ll the Terms by 4, 4. — 3 n | 
(A=) es. - 5 . e : 


 Hitherto we have applied the Rh to "the FxtraQion of und * wat 
7% the ſame to the Extraction of rational Roots, it fuffices to make uſe — 
Vaity for the Quantity n, and by this Means we may find whether an „ 
Equstion that has no fracted or ſurd Terms can admit of 7 Diviſor, either 25 he 
rational or ſurd, of two Dimenſions. - a i 
Thus, if the Equation x* — x3 — 5 * ＋ 12 x — 6= 0 wis pre 


. i, by being — 1, — 5 + 34, 494 rf rand s FM” 7 


4 


- 


* 4 * 4 5 © 15 8 ; * 9 : , 6 * 5 % > b - 5 . : * 5 . f 2 oy N 128 : 5 4 i - 
1 RJ 1 1 » 63 % %A . 52 Vi r et rod 
5 br. 2 > at $2 * > ll * y * 2 Fs 8 Ver * 
vw 4% A . * : * 7 4 , * 8 Ig 2 E: 
; — n 5 . 3 + 0 whoa, 
8 8 . 3 4 * - 3 5 a 8 * at ; * — * * . 55 2 
55 8 . N 3 N a oY K „ 5 * . 8 . 8 + 2 
. r 1 N bh ES : Z þ £7 = ; Wl 8 0 My GIS es . 
Hr . F 6 A II . 8 , 7 iy Io SO 
. „. enn rr TH 
he. ; LEY * : F 2 . 1 | 1 5 8 
8 ' 7 7 AS "8. x : 2 % 
8 Sky £ 8 Us 3 BE 2 & x 2 . ; 2 * 93 n 3 


4 


He | Diviſan of the e 2. 2 are , 35 3. 15, 25, 75. the 
„ e e be pl) ae 6 be-tried for , and for 1 trying | 
par re. All 


ES with "a therefore 8 that the Quanite nh, 1 are 
1 85 105 found, and having added to each Part of the Fquation the Terms 
ae tantla+nll that is, 6 Z xx —12+ x +63, the Root 
may be extracted on both Sides, and by that Extraction there will come 


„ out x * ＋ A* N= 4 f VJIX (A=), thati, ** — # 4 71 
5 Ez 1X (2 142 —2 i), orxa —3x+3=0, and x x+ 2x —2=0, 


Regen on 
* "FP | | | 555 


7 1 
* : 7 . 3 * 1 
75 CON — ou = "5 


te ve 


1 1 be too difficult to try all of ther for 1 their Number 7 may be imi- 
niht by ſeeking all the iviſors of the Quantity 4 — xrr. For the 
0 ity Q ought to be equal to ſome of thoſe, or to the 5 of * 
Parmar odd one; for 4 s = I, and taking from both z 
thenumbor 4 f . — P 2 nk1 + BB, ſeeing the Remainder | | 
Sk Ce Lo bat) xa 1 —43* £3 +3 Qukl= 
oS—2© Lungen Ter, 
» the Thing & is manifeſt. 


| Thus in the led Example # — n =, ; lmeone of whoſe 
L. — i | | Wherefore by ting ſingly the halved Dion of the Qu —\ 
Z. 5 i and 25. bor 4 1 reject all that 40 wot 
_ 5 63 oe 2 * 5 or „ 5 11 that 3 i 2 to be one of 


- Divifors 1, 3. 9, f them halved - 


oF 


2 25 
TR 
n 4 


1. 50 TO 7 „ . Eg 


26 4 x 2 * 


* 
— 
P 
+ 
* . 
* 

- 

: 5 


* 


If the. Equation "tobe reduced. 5s" of -fix 51 jons, let it be 
e, * +ref fiat +ix+v=0, and let there be at · 
pant + A= OT TO. | 
8 Se e 

lution and Tranſpoſition, will give 5 
(a RH Ae RH K. 2 1 R 
e +a BOs 4 


| g - #1 
= { 
* 8 4 # - oy 5 
| Eee | be fubſtitued for 2. : 


BR 1275 . 


4 A 1 : 3, 
* ls ” B 
, 


"ag 
#1 
= 


5 x 
By x4 toy N 2 7 8 * 
| a wha W 3 
| RIning. 


p F- s 4 


55 Pp eee 240+B 
C 


2 * * r 
PN , : 
x „ 5 ; 


— 


vii 
Lone, 


9 
* 
N "RE 
2 - : 
* * 
* f 
* < 
8 $ 
; ; + 8 
% 1 75 
* 4 {ate 2 


_ every 


5 £4 »*; 8 
„„ wt 3 1 
* 


1 


71 — Fad 


3 1 e 1 » 

9 b tting 'y 
15 hs #8, vill- be reduced tio Ky n 
5 43 — IPO EL 40 1 
WB — 4 5, + 1 + dB —E one” 


=: 17, $= 


and 4. B.—+ p45 B+ #48+7 
reſpeAvely. 


Now as the 

irrational, phy” by the fame _— 

49, I/ n, peQiv 
27 Equation Gvided by n, we ſhall ha 


Values of 4, B. 3 


= 2 1 n= " 1 


130 
4 1 


So 1. 


Quantity ; let them be expreſſed 
then Subſtitution being dds, nat 00 


K 1 . * * 
* * g ö 
* mw $500 { 
* 8 2 


1 % ＋ r Lab a 


8 appears. ( ſince 1, 
tegers, ae the Hales of ſuch) That 


„ 86 hot —— 76 425K 
12 Ek 15 1875 2114 =. 


* 
* 


21m 
Ha 7 . 
1 ee ee as In- 


, and d, ought to be all of 


* them diviſible by 1, or which is the fame, 1 ought to be ſome com- 


mon in 

our the 
un 
2 


0 Equations will he: FOR d= 5 
1 4 = nm ately, 


= 21 +1, 


ay 


2 
* 


. + 2 — 
which by ding the hole by 2 6, 
I Shs 


FAC 5 
- 
— * , 
5% 
_ 
2 5 
* 
. 
* 
55 
* 
oy 
2 
* 6.4 
3 
* * . 1 
8 TYP" _ 4 


| Divifor of the Quantities? , » j and 6 
egard to |, let the ſeveral Terms in the former Part of the firſt 

uations, in which & is found, ( in order to abreviate the 
denoted -by Fk, then will the Equation itſelf be changed to 


and ig the” very fame 


{td e bf RAI the Second of theſe Equations b 
from PAINS ofthe Ir and bg, then will OY 


1 . 


E Te 


Fas + os 4 


— 


4 * 


* 


* * 
1 


ene 


; IS; 
n 


Ou” or i 


$7 [ , 
2 war * N x * = a 
1 . * — * 7 * 2 Tos 
% , * 5 
” 8 5 5 1 , 
VVV 
3 0 a —_ 2 5 5 8 3 . 1 
Ch — — = 21 , and 
Ps IF. * 


I 


e 


where Fe „ and 0, being all diviſible. by their common Diviſor n, 17 1 . . ; Ws Z 2 


% 


8 


"SPECIOUS ARITHMETICK. © 


above) 3 ® is maniftt, that SHS = (in order that n ben. 
 teger, er the Half of an Integer), ought allo to be dviſile 11 1 Diviſoe | =: 4 =; 
of chit Hang to be ſome Diviſor of the Quantity —— ” 15 „ 3 


22 n 

22 with Regard to & let the Value of R= AB — 4 2.44 . 1 

2 given by the ſecond of -the five original wg be ſubſtitured in ige 

urth, by which Means we have 2243 = =þ BS +r 2,—t=2BC, e 
r 2 * In n e ported — Oe 


RY. and 28 3 = = 


"yy „ 
s 4 N 
FI 1 
Er 
2 ed * 


ned ee . 


of R= 43 — e - will be bad ne © 
wiſe; and then by Means of the three laſt 2 the five original Equations, — 
the Value of m may be alſo found three different- Ways, and the Troth'of | . — 
the Solution thereby confirmed: For thoſe Tk) 7 1 
Ae | their 4.11. peck ao n, 8 


a ink when N. R of A - ace rightly aſſumed will be 
al tound rige TE ke W nn Ye + 1 0 + . 4 Ti : "Iy | 


[As the for oregoing Method of Solution depends qpon the aff og proper 7 
Diviſors of k, 2, 0, &c. for u, &c. To W h the Work into in mpaſo, en of = i 
it Will be expedient to reject dueh Diviſors of thoſe Quantities:as-are not to-dimin - 
the Purpoſe; and this may be effected as im the Caſe, from the gn 41 
| Confuleration f the Pro een of eden and odd Numbers, the Reaſoning on f wig wh 5 ? . "2". 
| thereon being the very ſame in this Caſe as inithe-former, which therefore properties „ 
it will be unneceſſary to repeat. And from «the Concluſions above derived 24 3 El 1 
is deduced. the follow wing Rule for reducing an Equation of ee ö 
eee e un Fe gf " 


5 6 * 8 1 
* * 4 * my # 1 * * 3 2 
br Mad. x * Jo's - , 5 


: he: IT) 1 4 8 N IS ban * * Tg. #3 125 * . EDN S * 4 . % * with, iy (26S * 1 e + I -— XR 
% "3 % ng i 1 RA Laan a Re OOPML 1 4M... 37 FFF 


f | > f 
8 | R — | oP ES I. 435, WE: 
% . = 3. 8 . . 28 ; 835 D Ky : . 


Pr. 7 a” 
a = 4 * . TY 


Genera! 


rule derived 


-* Show ths 


- 


3 ZLamEN rs o 
e ee e e 75 et 


4 


'F 


ae v—z88=0, tO —Znn=a. 


Then for n take of the Terms 2 C, , 2 0, ſome nations Belge Dicer, 


e vr; that is not a Square, and that. likewiſe is "not diviſible by 4 &. guare, and 
reducing a which alſo divided by the Number 4, ſhall leave Unity, provided any one of the 


equation of 


Fed 


Aeg + 30080 —*b3 = 0 be propoſed to be 


| going rule ö 
— and 3 24 — a*bb for p, 7, , , 1, and v, reſpectively, there will 


E the. Quantity bo 
| an odd Divifer, if Q a Fraftion that has for its . panes the Num. 


| . er o, if that Dividua af > 3 — be nothing... Aud for 


| . be 3 to the Nyantity EEE ar-to the Quantity 


F. . 17, t, be odd. For & take ſome Integer Diviſor of the Quantity 
"Ian r If tb ven, er or the Half of an odd Diviſor, if p be odd, for Q 


take the Vontity, 4 «++nkb, take for 1 ſome One of the Divifors 
| —— , if Q te an Integer, or the Half of 


f * 2 3 R can be di- 
5 th Bart 2 1 hy . Quotient i if 24 beſides,” if that 


ere; ; if all theſe Nat call that Root ms and j, 


21k 


« of the E Equation prope ans write this 2 44% xx + + Qsx TR 


| Roan + Sn X (kx* + xm); for this Equation, „ its 
Puri and taking from both Yor. the "Terms on the OF 0s” . 1 8 


. the Equation propoſed. 5 i” * 
Let 402 a * 255 % 3 enn e + 49h?) WP. 


Here writing — 2 4, + 2 % . n © 2b — 48. 


come out 255 4 , 40bh —a& . 24354242335 — 
4433 — 4 „a e . #= f. 


. and —- 221 ＋- 4133 — 425 = d; 


| and the common. Diviſor of the Terms 2 #, and a d, is 24 — 20 B, or 


„„ according as #4, or 2 56, is the greater. But let 4 be great - 
| E den 236, andaa 25 5 vill be «3 for x muſt always be attirma- 


tive. Moreover ve. have, © = = Foot 2. DEL a. 


* — 2 2 +206, wi == _ * — - 000, ud 
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srreious anirnuk rler. 5 1 


2 n A 2 Ti Tat IG: 


+= 2 . + abi the Divifors whereof are I, 4, 4 43 but be- 


cauſe * n X k cannot be of more than: one Dimenſion, and that vn is. 

of one, therefore & will be of none 3 and, conſequently, / can only ES 5-6; 

Number. Wberefore, rejecting a and , there remains 27 r ſor i, be- 2 en 
ade = #. + = && gives e for Q, and — Eat; I 

Nolting; and e L which ought to be its Diviſor, will be No- 17 

thing. Laſtly, kr —EþQ+n&1 gives 3 55 for R, and RR is 5 

—2 42 41 + a* bb, which may be divided by n, or 4 4 — 23 6, and the 3 4 

Root of the Qyoyent aabh be extracted; and that Root, taken negative . 


ly, Viz. —s 35 is ini W indeflpice Quantity | 12 2.1 2.448 


4 _ 


7 f F * 3 5 A * 


5 er 2 >, ” but Ra to the 1 0 Quantity 22+ 2 hy 3 — 5 % . 
| .. wherefore that Root —4 J will be ., and in the Room of the Equation: - . 
propoſed, there may be writ x*— l P x+Qx+R= V (& xx . 
that is, v — 4 * ＋ abb = (a 2 X (xs 
the Truth of whish Concluſton you may prove by ſquaring the Des 
Equation found, and taking a Terms on the right Hand from — 
Sides; for from that Operation will be produced the Equatiorn 
x5 —20x%+2bbxu*+ (222 556— 2 b+ 405 . bt 
; Aur ang dt which was propoſed to be reduced. TD ._ 
nd”, 5 TORI - : 9 "RR > I 
When > O in which aſe ＋ ſor one Value of F at leaſt): will 1 Edo 
be o, the Reductios will be per 3 by a direct Proceſs.” Fork... . 
| wo PORE IR N 1 Gn * and ” are e firſt introduced which the - 
* app ie 
1 75 = 5 © m e =/— * and a uently = K fl. — 4 = 00 We g. _ 
as it ought to be; therefore, by ſubſtituting agus = — ED al- 8 1 
ſo, mne of Q, ITN R, 7 IE 2 ml and Ay he the. 77 8 is 1 


f cv. 
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e234 60. 2 RS 2 CD. 1 SS—z=DD._ 
| Method for Putting now. {us before) A = 1 J, B m,G= 1. 


diſcovering 5 . 
Sade B= # 3 putting ate, 10 ſhorten the Work, Q Q. + — = 


1 ag R= Rin +£8,S=8'n +5 y; thatis, let the Quotients of . R. 
—_ -<duced. and &, when divided by the common Diviſor =, be Q, N, S', and the Re- 
—_— ects 2s, + B,. and 4 75 ey Then to determine theſe laſt, 
which muſt be firſt known, before = can be known, let Subſtitution be 
muagze in the fecond and third Equations, every where "diſregarding ſuch 
Terms wherenn and its Powers are involved. Thus Subſtitution being 
 ___ _ _ made in the ſecond Equation, we have 2K'n+8+Qn+ Ker 
2113 where the homologous Terms in which n enters not are f 
2 , and — 7: The dthers therefore being here diſregarded, we have 
5 o, or f = 27 in in the very ſame Manner from 
| Lr 7 of 4158 1 2 4 5 —7 =D 5" Rn, 
7 4 _ 55 — M 4 &- 
Let Subſtitution be now 2 in ne Seh gli, Aatb, and ſeventh, 
S Equations (fill diſregarding fuch Terms as would involve the Powers of n) 
_ and there will come gut, 19: 4p 7 +4nf8— t, 20 42466 — 25 
3 f — , 4 4 1. 3 as all br Terms that za} 
: 210 10 theſe 4 
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eren Num being an < Jumber, | can | ores he d Work will 
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5 332508 1 N Edt; HA cx er. If 5 4:3 5 5 e "as 
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DH ſeort of Examination, whether the 1 be reducible or not, gn. 

'. +. Grand me find 411 the Quantities, to which # ought to be a common Diviſor, when 
1 thed for al- the Equation given is of 10, 12, or a greater Number of Dimenſions. = 
= ( „ e 
ROY be gy and let e be aſſumed, _ 


We ER ants 22 2 menſions 


. * e b 2 h l e hit 
the Terms en eee 


From the former Half which Terms all i Quanti antities.#, &, ak will iP * 
be determined by aſſuming the Coeficients equal 10 Nothing : Thus we | i 


have. @ = ? — ppp &=r—bpo, r = —+þ þ „ „„ 
EP at &c. and thoſe Quantities being known, e 
ficients of the remaining Terms will likewiſe be known, which. ought all... 


of them to be diviſible 2 in Order that the Reduction may. ſueceed ; BY 


that is, they ought to be W (u 


ter the Bk Tone before ſpecified. . 8 = . 


84 # 
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"exe. DEE 
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a> bx" + 2. ras + 1x8 + tx! v f AA T 4 P's rpc | 


++ dad Hex + = o, we ſhould have * 2 7 — Top * 
S=r—S$þ8a, y =5— 2 6 -e, 1 1 and camp. 
22 7 os Br br rpppagnrcls nd ir | 
Terms ( whereof u ought. to be a common Diviſor.) would be | 
CCC 17 — 
227 ＋ 433.— 4, 43. — e, and 4 f. 8 © 
Theſe Operations for finding of = will moſt 8 1 the Work, 
F ſuch a Value however ſhould be found for u as to anſwer all the Condi- 
tions above ſpecified, and conſequently there are Hopes of 3 fare Redue= | 
2 may e b following Steps, which though applied only 
3 ation t ns it 1s 
51 r al cigh OL AT OL OR to parte, 
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he Number þ*, to which, after it is alin led into n, the. laſt Term 
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ER prin © Ta — which: may be expeditiouſly ee A IeY 
; <F „ eee when: n ig, an eren Number, r t·to 4 * when it is odd 5 tho 'Quantities 


Pa 2”, 


ber rs -» Jucceſhyely 1 7 n, 2% 2, 11 u, and ſo on till the Sum becomes 
e equal to EO * in the Table of ſquare Numbers; ; and if no ſuch 
Number occurs, before the ſquare Root tf that Sum, augmented Fans: 
ſquare Root of the Exceſs of that Sum, above the la Term of the Equa- 
tion, is four Times greater than the greateſt of the Terms of the propoſed 
Equation , 9, r, s, t, v, ec. There will be no Occaſion to try any 


5 Mags for then the Equation cannot be reduc : But if ſuch a ſquare 
| 4 Number Ke una, let its Root be 8, ien de eyen, or 2 &, if u be odd; 


and calt 7 ,; bit if = is odd, then Sand b may be FraQtions 


er hade n bor anch £ enominator.: And if one is-aTraQion, the other ought 
to be ſo too, which is alſo to be obſerved-of the Numbers R and m, Quand , 
and &, hereafter to be found: And all the Numbers" & and. 5 within this 


7 a pan mult be colleQed in « Catalogue. | 
ducing equs Having thus found u, ö, and 85 l inert to be . by ſurveSively try. 


tions that _- 
4 been ing all Numbers which do not — n k 44 four Times greater than 
 * Houndbythe the greateſt Term of the Equation z when 1 is had, Qin to be found by 


5 og | 
e Tg = . 4 Q being found, all Numbers are. to be 
7 2 tried for / which do not make 7 + Q. greater than quadruple the great | 
Wh nn | eſt Term of the Equation, and / being found we have . 
3 1 7 | 8 lb Ini as + ntl. Laſtly to find u, at Numbers ar 


4. 
| ſucceſſively to be tried, which do not make nm + R greater than quadruple 
the greateſt Term of the Equation. Of the Values of the Letters regiſtered 
in the Catalogue, thoſe : only are to be aſſumed which agree when found ſe- 


renal Ways, thus, s= == by the 7th Equation; and alls 
t m by the mird; and its Correſpor 


. rr 


* 0 LI I 


150 A i 


= by the gb, 


e een e and = 3 _ 2842 OR — 2 


Wwe T7 Fe: are 6 ks - Mime, will be - Mt found equal among demſele, 3 
and the Equation "propoſed will be then reduced to | 
* He * Q W R&R = In Xx i | 
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. 8 
e 105 en 2 „ 2 2, 2 2 8 ” reſpeQively, are 4 


75 +, = and — 25 22, and their common Diviſor 5, which Applic 


. nk 7 | 


divided by 4, leaves 1, as it Mis becauſe the Term „ is odd. Since zig ae 
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| Table as follows, [4 1 2 Io 2. 


15, o, 25, 60, 


. bo, 2 *. „0 _—_ — 9 20, 


8protovs ARITHMETICE. | 


N | 15 + ENIX, 


he to be reduced. 


Sog N Tl” 
= vin Lon 00 en 


. 
FP 7 == 16 = * l EL 2 


therefore, = common Diviſor n, or 5, is found, which gives Hope to a fu- 
ture Reduction, and becauſe it is odd, to 4, or — 20, I ſueceſſively add © 
n,.3n, In, 7 u, 9n,.&c. or 5, 15, 25, 35, 45, &c. and there ariſes 

„105, 160, 225, 300, 385, 480, 585, Joo, 2 
9560, 1105, 1260, 1425, 1600. of W 225 % 197 8 N 
are Squares. 


HAS nk as 


| Wherefore, the Halvesof thoſt Roots « 0, £525 5 20 a are to eee 


. 
Fable for ibe Velues or $, & the N , thatis, 1,2, Z,9 
reſpectively for 5. But becauſe & + n B, if 20 be kn for S, at 9 for B, 


becomes 65, a Number greater than four Times the greateſt Term of the” 
| Equation. Therefore I mT 29 and 9, and dens 8 the 9 * 


5 8 ſo. + | 1 


Then 1 try for , all the Nato which do not Piers 2 FS 5 F 1 
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than 405 leur Times the greateſt Term of the Equation), that is, the Num- 
0 ders. 8 -8, — — 


nb 2 85 Ty 2 1 Sh 


| —2,—1, O, I, 2, 3, 45.5» 6. Ts - 

=>. chat! is, the 1 1 0 120, =, 
£ C. C ., 120 relpee= 

| tively for 9; But ſince Na l, „ not to be greater 


than 40, 1 pere ive 13 am to reje& , 120, d C0, and their. . 
eee „ 7 6, — 5, 5, 6, 7. and conſequently that only. 


5 Rog + 35 . — I, o, Ny 5 35 88 * 5 OY rc 
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a i 20, . F o, — 1 os . pe » reſpeAively & for 2 5 
eee uy— 1 for # for A. and in this.Caſe for 1 ther | 
, eine 33 which do not make & LEA 


greater than 405 chat is, all the Numbers between 10 and — © and nd for 


2Þ—np LN 


X you ure reſpeRively 10 iy the Numbers PILLS + kl, 
„ r 550 that is,. —5 5, — 30, — 45, — 40, —35,— 30, —25, — 20, 


15, — 10,5, o, 53. 10, 15, 20, 25, 35, 40, 45, the three former of which, 
and the laſt, becauſe they are greater than 40, may be neglected. Let us 


try therefore, — —2 for /, and 5 for R, and in this Caſe, for m there will be 


e 


* 


beſides to be tried all the Numbers which do not make R I nm, or 5 + 5m 
3 er than 40, that 1 1 all the Numbers between 7 and—9, 9, and fee whether 


9290 ee — — that is ,5—20+200r 5=2H | 


a+ nk n, or 2 e if any of theſe Numbers — "ſy 


Dd ONE 33 * 3 „ 
8 „ Toe Tc . 


=, =, 4, =, =, ho ; i equal to . ol 15 


Numbers 0, + = - * K. . were e into = Cut loy e 8 


1 <p ger mg pe A ig | 4. 25 ee 
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- 4.3 5 2+ © ? 4 3+ 
HE 2 4 ; 
WG | Adver, + 2. +5, ++ +2 for b i 
n 1 1 | 8 written in 
8 SH JEWS. 2 „ 
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5 . 8 
© vs, 


2 I, 0, — 1 cher, butlet ws try. — 25 or 8 I . My EY 
+ 2 bor b, and you vill have 2R8—w _ ſ—25 +10 =— Lo 


%%% 


1 ee. : 25 ＋10— 5 
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1 5 ' 8 | TS 9 8 vr | __ 85 


2 7 
W herefore, des in a0 Caſes: — 2, u all "7A 


. Nombers to be rightly found, and conſequently that 3 in the OW: of the 
. Equation propoſed, ' we may write & ＋ 2 * + 5 x — 2. 4 


6 . Fer by wg the Ts 


8 1 3 * " Bp F * a ad 81 
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5 this thave wa be * that 3 of Sa Dimenſions which x was 
2 firſt propoſed. oy ſv. 
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Whatever Efforts the Analyſis have made, to find a general 1 # f for 1 
| Holving Problems producing Equations of every Degree, beſides thoſe ex- of Equa- 


preſſed by a = 5, and ax*" + bx" = c, they have not hitherto- ſuc- purer fur wu 5 


ceeded, except tor ſuch as produce Equations-of the third and fourth De- de ee 


5 gree, which we ſhall proceed to explain, beginning by the * * 


N i eee Equations of the third Degree. | 

5 | „ . : ip 

; The Compound Interef of. a certain Sum of Money, put out far r 4 EY 

_ amounted to a Sum a, but the fimple Intereſt thereof for the ſame Time, and 

41 the ſame Rate, would have been a Sum b. What was 10 Sum put e | 
Aud what the Rate of Interefl® _ 

Let y denote the Intereſt of 1 J. for 1 ci frocethe 6 Gmple 

Nu of 1 J. for 4 Years, is 4 y, and the compound intereſt (1+ Do T 

or 4 y + 65% + 4 33+94, we have, as 43+ 63*-+43* . = Sr 


bythe Natureof the Queſtion, and conſequently 6 y+4 + 3 = — 


| from the Reſolution of which Equation, y will be found, and e | 
1 the Rate of Intereſt required. 
exxir. 


Leti in Gineral the Equation to be ſolved; be 84 + 95 + ey r+ f= = ©, N 
if we could reduce this Equation to another, including only the firſt and laſt the mot 
Term, it is manifeſt that the Equation would be ſolved. Now the moſt na- complicated! 


tural Method of transforming an Equation into another, in which we are 

left at Liberty to make ſome Variation, is to ſubſtitute in this Equation in 
the Room of the unknown Quantity ſome other Quantity, in which a _—_ 

ts left undetermined | in order to make uſe of it at pleaſure: 77 

CXXITK : 

be then * r be ſubſtituted. in this Equation, in the Room of x; * 
there will reſult x3 + (3 r + 4) xx + (37. r + 2dr + e) » Transfor- . 

_ +ri+dr*+er+f=0. As rin this Equation, is at our Diſpoſal, it is meren ae * 

_ eaſy to perceive, that by its Means, 85 Term my be taken away out of iich which any 


: _ Equation: 2 | term is | 
SS taken away 


— 3 = = 4 
1 for Rrample, 4 r + dbe put = -0, ory A. and. ——_— 


- Equation andere af C a+ e ee 
e e en e 


degree 


of the mw | | 


$ 190 * L EME N TS © Pl 

1 N 24 3440. the third Term vill no 
$48 TN” 7 that by 8 123 + rin ha Rm of y, 

= maore than one Term at a Time can be wa. to vaniſh, but if by this 21 
3 formation, we have not entirely effected the Reduction of the propoſed 
3 " _- .., Equation to two Terms, at leaſt the Queſtion has been rendered more 
_ . fince an Equation conſiſting * of three Terms remains to! de 
: . whe. zen 
=... Of the two transformed Equations that reſult by taking away either ils - 
3 | 2d or 3d Term, the firſt, x3 T- T= ＋ F o 
Y ie the moſt ſimple, which we ſhall therefore UF Lua, to reſolve, | | 
. by till trying to diminiſh the Number of its Terms: but before we 
5 proceed to this Reſearch, we ſhall explain how the Method employeg; for 
4 transforming an Equation of the "third Degree, and 24 mt its 

4 i eee Terms, may be applied to Equations of every Degree. „„ 
1 2 CXXIV.. 

E- | To Let, foi We the Equation propoſed be y*+a y3 +b + otd=0, 
mee lorego- the moſt general of the fourth Degree ſubſtituting x + r in the Room of 
1 . e y, there reſults. 

© * Xx are +(6 +30 r+b). AY San + rt) 

b | uation of . +.2 r3 I 42.5 off if =O - 

v4 i In which putting 4 r + 4 o, or 1 = - 4 à, there will refult an Equa] — 
3A tion of the fourth Degree wanting the ſecond Term. 

. In like Manner, if r be determined by Means of the Equation 
* 6 7a ＋3arT 6 = 0, there will reſult an Equation of the fourth Degree, 
en wanting the third Term, the fourth Term in like Manner may be made to 
tee moſt Vaniſh by ſolving and Equation of the 3d Degree, &c. But the Analyſts ſeldom 
E © commonly or never take away any Term but the Second, becauſe the other Terms 
I Ae. © cannot be 2 . e, e Calculmions RE" ns 
__— exxv. 
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The ſecond | By ſübdliming in the Equation 55 + ag4 10 ＋ * 4 FI Fg e O 
ar che wal rn r for y, there will reſult x 5+ (5 74. a) 42 &c. in which. the ſecond 


an Equation Term will be taken away by ſolving the Equation r+ a =0, or putting 
Wb /2 


| degree. © ip = . and i in General, in an Equatio of the mn Degree repre- 


In an Equa- ſented by y 5 +59" + xc. . o, if y be put x+r it will 
Wow, rem be transformed into x” + (mr + a) x* "4. &c. whereby it appears 
'*** that the ſecond Term may be . _ from the ap * by 


a 
Loans as —— * 2 * 


R 14 1 
— 8 * 80 4 * 4 2 „ 2 * 
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Ws 
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1 ty, 


we, " fitle Dijon, tt ws ed to ; refing the" EA 


* ee the i gr! Dio ” 3. $2414 G reduc ; 


e e en „ 10 
Purſuing the ſame Method akin y employed, let the «So 3 tie 
be again transformed, by fabſtirucing, for e, u + E in the Room of of the gene- 
x, not with a View to take aways Term of this Equation, as before, for it 2 
would ſoon appear that the Term taken away would return, but to reſolve © mY F 
this Equation into others more ſimple. Without perceiving that ſuch a Me- 


. thod would- ſucceed ; yet it-is manifeſt, that the Transformation of an E- 
K 0 Gorge another, in which a, Letter i is left undetermined, cannot but be 


| Nt « king GIN $4 15 te reſults: 13 +13 21322 

+ 23 +pu+ pz +9 So. Let one of ths mans Quantities x- 
or E be ſuppoſed ſuch, that 4 + 23 +y =0. In this Caſe we will have 
3 2+ 3uz* „„ o, which being divided by u ＋ x, gives 


31 o, of u — 45. By which Equation one of the unknown 


Quantities introduced may be exterminated; to find the Equation that will 
determine the other unknown Quantity, let this Value of * r 


Coy mn e and there will reſult 
= > +8 +9=0,orf+q2 = = 2," py —_ 


"0" (34 5s Tas Winter en- 
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I which is reduced e 3 
N , Lunt on : 955 © 
| U 1 412 +2,#)]; dene e ee Pes. 55 
r + p- ino + T EV (44 + #) E eon. 
ſequently = þ is the Product of the cube Roots of thoſe Quantities. | Now, 
adding together” thoſe Values of « and*'s, we will have u + 2 or 


x=3/ [2 XV (4, +$S#)]=V/{[+E9 + (ITA, or 
*$=V[=327+vV GATT PIV [+39 +F4/ Ef #39] 
for the Value of x iran e Wm 
be taken politively or negatively, a 
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— J 8 A 4 <= 8 5 
by $4 - 8 : * * F g 
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Thoſe two uations i in . differing ; may render: che 
Reaſoning ſuſpect, ſince it ſeems to e ben un 8 that an Equation: 
of the fourth Degree may have eight but this Difference is $77 5 ; 
i n RET of ow two kom i» reduved to that o So N 


* 


We. — 9 1 3 2 5 ? 
— #f, i 975 g 8 — 4 


6.1 — : 2 a5. 


- 
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detgrmingd by Means of. the Equation 642 1 ME: ee. « 
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e een 


* 82 8 * ka my 
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bf = 1 
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Since the" ai Grime er alt the Vier , x, 
r three Values of preceded by the Sign + ,- and- ſhares 19 Reon of 
one of thoſe Values to another, e it is : known, that an 
13 3 uation oß the fourth Degree cannot have more than four Roots, it ſeems 
_ r eee that ee — Gill the x preceded by 
ö | Rod zof th may be employed iſferent ſame Expreſſion 

— . — 1 15 
„ To render this manifeſt, the moſt natural Method would be to 


find the three Values of * preceded. by © given by the Equation 
= 36+ 2p ot +, ( 4. ) , © = o, and ſubſtitute them one 
"= | after he otber in the Expreſiion a TTC br 3 


a2 * 


0 de aſſured of the Identity of the three different Expreſſions ariſing 
from thoſe Subſtitutions: | But the Calculation that this Method. ee 
require is ſo long, that one could ſcarce have Patience to continue it to the 


End, we fhall t re proceed to explain how the Analyſts have remedied 
Tl. that er eee the 


— 


5 | Iues of « expreſſed at once by this Quantity, may A hr 
; bank; —i +1, —i—T;,or what amounts to the ſame Thing, that 
the four Roots of the Equation z* + p zz ＋ 9 + r =0, may be re- 
preſented by; z.— i l, z. —/#i.+ hb, 2+ i- * HT 

denoting the Fefe f ef de Value FR * Ping Quantities 


TICK „ 
r FF this o | he . 
which compared” with 24 TP. gives the: Equations... „ ll 
; =— 2 — K —4, g==—=2iÞP+2 ill, ny lf =I PPP, 5. ts 3 
_ by Means of which, » the Equation e +2 1 4 (* Ar) 45 =%, 8 \ i 


s A1 EER 


5 3 ä a> . g 
— OR : 
"$8: 1B * 25 * 7285 2 
— 8. : 5 5 b 


is transformed into. . K . „„ * 
A ab- Fab GH“ TH- 2 Lt TL Pas, "2 
whoſe Roots are, x= +21; +x=+ 4 +1; x= + & Iz now, if we 9 
N any one of thoſe Values of & in the four Expreſſions contained in, 3 = 
= ＋ x 95 A ( — — + xx. —+ 14 „or rather in- 5 OO 
— 2 — 11 : £ 3 
ee, * a+ 1114. +387 = * mood. „ 
will fill refult the four Values. of 2, # f I,, 1 e . 
CXLVEHs. | 
. follows. from- 33 that the Roots of an ation: 7, the LS 5 
8 are all four real, or all four i ;nary z or of the four Roots two - F 
are real and the other two imaginary, for it is not | poſſible to make any 2 : 
other Suppoſitians:with: Reſpe& to the four Noots of the given Equation, W 
erte pee pri): , once by:the fourth de- a 


ee e from 1 that mh of W e an Efvatis; * 
of the fourth Degree two are imaginary, and two are real, the 9 tar I 

Th wet (of —4 22 — 7 7 = o will” be ee dee _ 9 

al folfed. EY 

lieg nary. +7 li 

e e 1 

e Hr dat att re OY 4 

is the Product, of three Roots xx | e — 4 og "I 

Now, if one of the two Quantities. bs bonds are imaginary, he 
two Roots, i GREY, Þ are imaginary, ORE of 1 80 | : 5 

ex ag en Serge barg oth ants zan Caſe: 7e by- the * as oe 

mula of Art. ts © 4.9 FRE WP ages Fo ts 46, DER 

But if k and 1 are -both beni, or bath r "the che Roots —.— 5 

* =4ih, xx—ih 2 1 . xx —ti +2. AI = of the re. gar ahem 

duced Equationwill be all three real, and conſequently cannot. be obtained e499" - 

bx. the Formula of Art. VI whence in the-fourth Degee as in the. Third — 

the Formulas of the Reſolution can be applied on ly to Equations that have imaginary... 

two ck Roots, 


AT 


0 . * 
: SELL be A 


Hor te di- 


DW 8 Means the reduced Equation a — 2p x 4+ (pp=—4 r) x*—qy=o, 


_ = four 0199 06M has been formed, if it be found to be of the Number of thoſe that are not 
cha ef the reſolvable b the Formula of Art. CxXXVI- and it is propoſed to find whe- 
Pp ' Four imai- ther in this Caſe the four Roots are real, or whethe they ere ail leur * 
A Sinary, it may be effected from the two following Obſervations 
1 „ When the four Roots are real, the general reduced Equatio 

5 four x%=2X(2 f- Ele- T Ii) .. C/ (ta-＋Ai)- (L- —4 n= 0s 


of the four xFY=2X% 
| rea] roots. h neceſſarily. the ſecond Term negative, and the third Term poſitive, 


kb 4, 1, are veal Quantities, nor can $HX{ESP) +1)! 
PERS ikewiſe vaniſh, or be negative, under the Tame Reſtr 

W the four Roots.are' imaginary, or what amounts to the ſame 
. Conditions Thing, if K K and 1] are negative, the reduced which is then expreſſed thus, 


1 A bat +P—ai)et+[(P4P) PAP) — -A HU 


* 8 


a 


(+ . N Ba 15 


TDheſaſpesi uation e eie ale e 
Peiren xl. va. furniſhes an Obſervation w ſome- 

_ wich 18. be 08. We. if an . Equation. that ould have 2 185 Roots 
Either all real or all imaginary, is in the firſt of thoſe two Caſes or in the 

nd... The Obſervation 1s, that every Equation! of the fourth Degree, 
23 the ſecond Term, having the third Term p _ neceffarily con- 
tains impoſſible” Roots. Since the third Term of thoſe Equations repre- 


Folie, for if ** e is less than 2 neh 0 


a be 


ſecond dem mi ſented by te 1 ＋4K＋ Y eee eee when 1, 1d, N, 


- and whole are + 


1 ing «Equation of! the fourth Degree has impoſſible Noets, and being aſſured on 
bas we ths other. Hand, that it ſhould have its four Roots all real, or all im- 
ns t is 92 to ere of 1 ed e thould take Place 


1 l 


W þ Exuititadf the Forth 
4 . Mt e GE do's 3 4 Equation is to be fought 
8 r the Mathod of Art ern r en e 
Ny 9540 3 "$Y 245 > 387 * MR * * * 3 19 44 $4 b A EO! 2 5 7. TEE © e #71 


» 2 N ** — 
n : * . . S LS oo "> 
- 


ſince 2 (AE dn neither vanith, nor be poſitive, when 


. cannot have at the ſame Time ths fatoad Term negative, and the: third. 


\'thatls," when the Rovts-are/real.0> Knobving therefore chat an 


srrerouvs ARITHMETIC. . 


of the four 


EE I ee "th „ ther will rfl WES | 


F vet eee e e AS real. 
ell. „ N 
Fe to the Solution wu the 8 


3 ab + 2c Xu + Et 


produced by the foregoing Problem, let = 16, 3 = 58, e=—28, 


85 — 


42 — 22225 whereby. the Equation will be reduced to 4 4 16 u3 +99 u* s 82 7 


4+228u +144 o, and ſubſtituting in this Equation z — 4 for u, to 
make the 2d Term vaniſh, it will be transformed into £4-+ 3. —3 r LA, 


which being compared with the general Equation z* + pz * + 95 + o. 2 


will give p33 2 5a; r= 48; and conſequently the reduce 
Equation will be & + 6x+—183 * — 2704 =o, in which exter- 1 
minating the ſecond Term, by fubſtituting y — 2 in the Room of x 5 


* 


there will reſult 9” — 195 — 2322 = o, which is reſolvable: by. — 


Formula of Art. cxrvl. and ſhews conſequently; that the pr Equas | 
tion is of the Number of deren ſolved, T2 is, of thoſ 
that have two real and two impoſlible Roots, * order 10 2 . \ 

employ the Formula of Art. CXxv1. to folve 7 — 195 „ 2322=0, 


and the Value it gives 1671 161+\/ 1073296)=I/( — 1161 ＋ 10738007 
which is reduced to / (1161 + 1036.) — J/ (1161 + 1036), or 


0 1/2197 T. 135, or at-Leagth 10 18 3 ſubſtituting this. Value. of 

De 3 

i Were Value of IN. (A ＋ 1 m bs 

I he ere will reſult for the | two. real ©, Roots of N db ; 3 0 

Py c 3 2 —52 2+48=0z Z=2 1 * (—4— - a 3g ), | 

: . 1, that's, either 3, or or 1, and for the two impoſſible” Roots 
4 — 9 EA — fin. ); £ +, pur; 12. 
Then fubliturin theſe four Values in u =S — 4 there et 

. tl e dur Roo 1 'the Oy X BEES, * * 25 


5 127 
8 — 4 
* # 


4 
IR OBE PS 


E 


ate. er et ne EE * 
FEY n ” 
: mT OY * hy 5 4 * 
* * 4 : 
* - , * 
— 


— 8 brug urs 


— by eee n . * then, from the. fir 


+ 3-4 . 
2 216.24 99984248 e = n= ela 


„ eln. 


The Sum a), and the Sum of the \Cuber (b), I foe Numbers in continued 
a bare Proportion being given; to find the Numbers. 


TRY „ . ee en nie Vanden taken in O Then. 


2 0 . 283 {a+ 2 


. 234-93 r hy 6 45k e 543 125 k — _ gp” & 3 tha | 


Values above, we have (a—u—2)3 3-3 30 X2)bul—3us* ol =b 
and a 2 — 12 — 12 + Sg => Oz the e, rpms cape by- Reduction, 
becomes a5 4 K- CA) EZ S)—3 u* 3 1 + 38 =, 


from whence the other Equation multiplied by 3. being ſubtracted, there. 


remains 2 — 3 a* N CAN & (u* Fe, 


Equation, F. + 2 * * 2 * =. +us whine, by Subſtitution 


hs 7 323 


eee 7 R 


=, „ 


er 1% (by putting — 755 = 4) from which the ſecond 


Equation being ſubtraZied, there reſults 5 — * — =4, wherein, let =, 
| the Value of « (found from the former Equation) dee ſubſtituted, and we. 
| fall have Erg — #2 =, and conſequently, there, will rfl 


zen 


* 2 * . N. 2. 1 #=0, whece 4 vill be 


"4 W \ 5 : * ; 5 \ 
- 


A 


- 


2 * 2 4 — 4 —54 * * — = 4 b by: 3 


5 «x * * — 2 rr 6 4 6 * 38 ͤ ARES : n * e * 
I ö PP 3 r £5 toe 8 2 A 
"ae —_ 5 0 oa a ans ion act ee ar te Ie os EI IO” .. ⅛ QX. 3 1 ö ä 7 3 
$ = PERCY N r * 4 * 4 Me bes | n =; e - TIEN 5 
jw "TP I * E K MR 7 ps ee * . * a os ew 2 1 . 2 * . — 8 7 9 S 5 
— 2 wy 5" BR - 4% a + i 8 . — 2 ” . A - 1p 5 E 2 3 7 * 4 2 4 * 
3 . 9 
N 


7 8 
Meta Winch: that— 44 + {= p28 1 Py REN 
whereby the foregoing Equation will be transformed into z*+ 3 2*+ 22—3=9, 
7 Comparing this Equation. with the general Equation 24+þ 2+qz+r=0, 
we will have p=3,9=2, 7 =— 3. And theſe Values being ſubſtituted _ 
in the reduced Equation x6 + 2p x4 + Air, 
will transform it into x%+ 6 & ＋ 21 * — 4 = 0. „ 
To ſolve this Equation, I put * = — 2, to make the ſecond Term 1 
| vaniſh, whereby it will be reduced to 15 + 9 » — 30=0, which accord! : 
ing to Art. cxxx1v. is of the Number of thoſe which haye only one real 
Root, and conſequently may be reſolved by Means of the general Formula Z 
of Art. cxxvi. Whenoe it appears that the propoſed Equation: has wo 
real Roots and two imaginary ones. 
| "That the propoſed Equation has imaginary Roots, might be perceived by. 
obſerving that the Coeficient .of-its third Term 2 2 is poſitive, (Art. CLI 
. Reſolving now the Equation u3 + 9 u 30 o, by the Formula of 


Pet exxv1. I find u = =/ (15 +647) + Y/ (15 —6 WY 


wherefore V Hu-), or x = + [Vis+67)+I/(15=6/1)—2]. 
This Value of & being ſubſtituted in the general Value, or Formula 


2=+4*24/ (— — 4 —z +; 2). which in 1 preſent N 


n - %Cir-! =) there will reſult for the Ee. 4 
two real Roots, 2=— 1% L (15 +6 4 7)+ A/ ( 6 th 'Y 


* Lese) vie- rigor ar] #7 
nd the two imaginary Ones. A [/(15464/7)+V/ 15> 6/7) al 


E ne navi eee erb-! 


0 33 | 
I; "What two Aire are thoſe, if from the W of the Square of the 
Greater, and fox Times the Leſſer, be dedudied the Cube of the Leſſer, the 
Remainder will be 8 ; and their Product multipjied by the Greater gives 1. 


as * be the Greater the Leſſerof thoſe Numbers, then 1 79%. 


8 8 


— 


* - 
8 : 
4 : $343 . 
* 
4 N 5 - 7 nh, 4 
* 1 % 2 I * * * by 
F 24S" 8 _ 8 = * 2 * 
7 ” 
= 2 - I ' * 
3 Py. 
CY 
— 


| 55 or r WEE? 6248, ae ieee = 4 this 53 62 
Third 


Problem. or 2 —6 +8: — 1 0, comparing this Exuation with the general 
WM One, I findp=—6, g=8, Ae e and oonſequentiy the reduced 
„„ Equation will be x* — 12 * + 40 * — 64 = ©, in which putting 


x ay by * = u+4 to make the ſecond Term vaniſh, Rr reſults e 
The foreg9- which has only. one real Root, ex xpreſſed A | OL. 


5 . ing method. 
* 353 G 6— 7) =* 


which 13 A the Method of a IXxxv. is | reduced + to- 


AE (LS ES 53, which gives — 2+/(2+V/2) 
| for the two real Roots of the propoſed YE. 4" wn Tra 
for the two imaginary Ones. TEA IE 

: CLV. 


5 Lei is b. required to divide the Number ey into FEA „ Find, 1077 2 
= _ the Square ef the Leſſ ir be dedufied from it, and the. Remainder multiplied by 
_ -. 2 the Square of the Leſſer, and four TIN the OW deduded N the 1 0 
=_ - . the laft Remainder will be 29. | 


| —_— Let 2 = the leſſer Part, then 3 — of) ** . 5 5 = 2 9, or or 


|  degreeſolved , mm 5. * ＋ 4 2 ＋ 29 = o- + This Equation compared with | 
2 — „ Ago, gives þ =— 5 4 r= 29, and conſe- 


. quently” 9 {Equation wilt apa * 10 * 91 * 16 0 
de n puning 9). = 4/2 4 will. de transformed: into. = 


3 NN ns — 3 


= EG CAST Pax! 3 1 — , Wert e chis Equation cannot be Valued: 
= phy the 3 of Art. cxxvi. and conſequently is of the Number of 
TT Hoſe whoſe three Roots are real; it follows that the Roots required of the 
4 ; Equation 2 25 4 4s + 29 0, are either all four real or imaginary,. 
=_— Nut obſerving that when the Roots are real, the ſecond Term of the reduced 
Equation is negative and the third poſitive, F conclude that the propoſed: 


Equation has all its — #* of its 
: PT ITS WURS. - 


DEA. 


—— 


4 * * x vis F * 


— : . 4 
* 


$PECIOUS ARITHMETICE.. 


TN ” 10 | ot ” 10 e 45; ? CL VI. : 3 ro 
IAN 3 
| 25 ard 256 5 He cet ar many Pounder as there were Yards, and each Yard 


of he t coſt 20 Now; the Number of Yards of the two Sorts 
b were ph the Cut (re * as before) would: bave been 
| E 9 l. How many Yards of each were | 
Let the Number of Vards of each Sort of Cloth be expreſſed by 2 * f piſch Pre- 


 reſpeQively, then z* + 5 = 11, or 2. = 11— 5. n 


| or 'z=9 — y y,' conſequently 81 — 18 * + f = 2), whence 


1125 2 18 y* + 81, or 1*—185* +y + 75 = = =" degree 
To ſolve this Equation, I firſt find the reduced Equation che 


4 —. 36 4 ＋ 44 ** 155 0% or 368 1 38 Os to which 
It is reduced. by putting xt =u+ 124 wt Sw N 1 „ 


f. 


Now, as this Equation has its 'three -Roots: reel; 95 . th ect 


Tem 36 x in mare, hilft the. third 44. E is) poſitive, follows 


Axt. cxLvni. that the propoſed Fquation has all its four Roots real; 


I 0 find thoſe Roots I employ the Method of Art. xxx vn. to ſolye the | 
Equation : u3 Wd 338 1 2929 = o, and ſubſtitute 22, 74, the Value 4 


, 


u, in the uation x =4/- WH 12), which gives 5,8 


4 for æ, and ſubſli- | 


tuting this Valie of x in 5 = 2 5 ix —=4/) (4 1 N 


there, will reſult 3, 426; 2,467 3 — 24 315, — 3, $79 for the four Roots 
of the Propoſed N of which only 2,467 i is to the Pons... Jugs 


medi of tee * of Out ne es yo 11 43 


- - : 


blem pro- 
ucing an 
Equatiom of 
the fourth 


ſolved by 


7. 


1 2 4 * 79 : 
; . CLVIL. 5 
| Haviog few; in the Reſolution: of Equations of the ſecond; nd Methodof 1 
| erg Degree, how the Analyſts by Means of the radical Signs have been 


able to expreſs the. Value of the unknown Quantity in thoſe Equations, it 


preſſion: is derived may be found, for Example, how: to find the Equation 
_ Whoſe Root is & ab3 + Ia 1-4 * age BAS: cart: 1 __ 
F=/ (+8) . ( —=ÞBJ, Ke. 1 


To ſolve all Problems of this Kind, or 2 5 . 10 . "NY tot ake ; 


away any Number of Radicals out of an Equation, the Analyſts operate as 
follows, they ſubſtitute in the Room of each Radical an unknown Quantity, 
.whence. there reſults. 1%. A new Equation clear of Redicals, -2%.. As many 
| Equations conſiſting of two. Terms ag there were Radicals in the propoſed 
- Equation. Now each of thoſe Equations 1 N of two Terms, ill de 


10 r ' 
F 2 4 ai er 7 2 a r 84 


8 7 A 


clearing any 


it Equation. 


remains to explain how the Equation from whence any ay ory radical Ex- $4 


"ER 
5 


22 -RUEMENTS/ or 
| ev | of Radical why raiſing its two Members to. the Power indicated by 
0 tow Saad forked meine Sign that one of its two Terms contains. 


W hence we have. no more to do than to exterminate. out of all thoſe 
er deo Won ee rela e e r e 5800 


— 


=. TY | . a : | evi. . 

OE e Li Let it be FORO to take away the! Rains out. c of the 3 

1 a= Vab V, byputing / al. 5, and / 4 4% r there 

3 ok ES the three Equations * =3 +2, 3 ab., 25 S a di, deducing 
* from the firſt y S — 2, and ſubſtituting it in the Second, there reſults 

0 x3 —39*z+3 x2* —g3 = ab, aut of which, it remains to exter- | 


3 minate 2 by _ of the Equation 25 a da. 
. effect which, 1 ute in the firſt of thoſe two Equations 


an OR * 3 3 22. 3 i Tet pe a $* in the Room of 23, 4 42 given by 
3 by ing Second, and it becomes #3 — 3 x 235 8 — ν , whence 
—_— wry ga twebw.py, 

3 . eee 32, multiplying afterwards the- 


two Mn of this W by a, and —— in the Room 471 23 its 


| 5 "I: 
Ws a 222 — 24 2. 


3 


bier = 


FEquatin 'thoſs ooo Values al 4s, T deduce an Equation = which e 
| 2 4 x2 — 4 42 
| only of one Dinan, and ſolving it, I find z =— 7 


gh in one of the foregoing Equations, for Example, in 
7 wy L K* 2 — g ds 61, gives at Length x9—3 4 di x6-—3 ub 
43098 Bar tar bl "643 a3 belle x ales er 


£X 43 . 
* 424 [fg 8 "3 


= * fo ; cr. 
of Radicals without having NY 
the 


endete Equations may be 
wo the foregoing Method, by only tranſpeſing the Terms, and raiſing 
two Members to the Power 3 by the Radical which then will be alone 
in one of the Members, for Example, if it was propoſed to clear the Egna- 


tion x =7 + 3/ ( + / 45x) of Radicals, tranſpoſing y into the firſt. 
| Member, ol =43/ (a3 + 46 x J, and raiſing both Members to the 
—_— Dube, 1 ty ν - H , and tranſpolng ad we. 
=_ 1 1 = 4 = al E, and ſquarir 

= NET gee ene 


. 


LE 


- of: the . gr he Number le the Roots of 0 of all D f 
| e Method of of finding the Equations of "n lower Degree that are their 5 
ifors, with 5 Method: of- e to the Roots LS both numeral '» 7 


nd Tere Juations of 8 Degree. 


| 1 HE Nebbluten of un of the fifth 8 1 be 
made to depend on the Reſolution of one of the Fourth, that of an Equation 


of the ſixth Degree on the Reſolution of one of the Fiſth, c. But this 
Method the Analyſts have not purſued. 5 
Having found that Equations of the ſecond Degree have two CIA thoſe 
of the Third three, thoſe of the Fourth four ; they were inclined to think 
that in general an Equation. has as many Roots as there are Units in the 
Number of its Dimenſions, and to be aſſured of this Truth, inſtesd of in- 
8 Nee the Roots of an Equation, they ſought the Equation that would © 
| have given Quantities for its Roots, after the Manner: we are EMO: + to ex» _ 
f gin! in the þ eſolution of the Waben Problem. . 


e en (a), ang the Sum. 0 1 Pocers Fn, Wo Numbers in "NE 
continued geametrical Proportion « ing given, 10 determine the Numbers. N * 
If u and y be aſſumed to repreſent the two middle Numbers, then from _ BE e 

the Nature ef continued Proportionals, the two Extreama will be : expretied by Problem — 


== nnd 22s and-fo we. ſhall un bat ee 
; complicated 


. 5 1 + £= = 1.0 now rating . +2 ==, e . 


1 Ny . ok * 4 N * 1 5 1 TR rs OF 

"223 * : J ; —_— | ; 8 5 5 2 ; 

© — h  inlea of. its 10 E, bone 
. whic quation „ . = 52 
A ; = : 2 5 


x" "+ (6x — 95 K * =D: 


5 I . 
0 ee, ee which being ſolved, the Value of x will 


be ape, Trom | which theferenat A. of a, 1 vin ale become 
known. 


5 ; \% ey =] 1 
17. » 


. Fat Cops b 


5 5 in general an Equstien of the mth Degree clear of Radicals and 
Fractions. To find the Value of x in this Equation, is the ſame as to 


dae Quantity, poſitive, or negative, real or imaginary, which ſubſtituted 
i in 13% e = * . UG. o, in the Place 'of x, 


> co, vill make all the Terms vaniſh, Let us ſuppoſe this Quantity a to be found, 


i 1 Fey that „ + f T + &c. - = - r= 0, will be diviſible by 
ae * for it is manifeſt 10. that ſince x is only of c one Dimenſion in the Diviſor, 


Fiple ple fac- by the Rules of Diviſion the Operation may be carried on until a Remainder 
tors as there is obtained that does not contain x. Let then Abe the Quotient, it is mani- 


are units in 


- the hizbett feſt, that if to the Product of the Quotient © into the Diviſor x —a, the Re- 


dimentionof imainder R be added, there will reſult a Quantity equal to the Dividend, 


the un- now by ſubſtituting! in the Dividend, "a for &, all the Terms by Hypotheſis | z 


known - 


E en, dd, therefore the Quantity (# ©) X 2, + ben ee vaniſh, 


if x be put a, but by putting x Sa, this Quantity becomes (a a © + R, 
as and fince(a—2) 2+ Ro, Rho, wherefore the Diviſion i is performed 
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tion is a Fraction, it will not be poſſible to find it among the Diviſors are late- 


unknown 


eaſily removed, by obſerving that in an Equation | clear of Frackions, and cannot be « 
having the Coeficient of its higheſt Term Unit, the Value of the un- ee 


nomninator are rational and integer Numbers. | 
Let for Example x3 5 pr + a + So. and let © WW la 


a3 +pba* ＋ gÞ*a* ＋ 357 =o, conſequently by the n Now 6 th bly BY 
the Integer: Number a ſhould be a 3 of the laſt Term EE Now, ee Uo 
4 . 


: : e : ” * 22 7 & N 
S + 2 7 7 - * * 
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2 7 $4.04 >, A = 
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"wy 5 : . 5 * | Sol „ . 115. no COMMON Divilor, the as hag hy Hy- 


1 potheſis, reduced to its reſt Term, it follows that 4 and 53 have no 

wc8WdWommon Diviſor, Art. XXIX. Chap. 11. Wherefore a muſt be a Diviſor 

>; +46 0k By wherefore r= 5 „ being an integer Number; whence we have 

| e it d e o, wherefore a* bag b*Þnb3=0, 

. egoing age aha be a Nie the laſt Term 

= 22. 255 ee Soon. + bn, whereforeg + 6 n = ma, whence 
* 2 ＋ pra n 7 * m= 0, and of courſe 


br ew that is. r El hes Tg wi_ch 7 o 


| 5 XXII. „ 5 
runter. pre "ON a W er an 8 whoſe PIR ET LY 
E eee the commenſurable e contain, cannot be found by the foregoing - 

"Ma which an Method: 3 however the Pr oblem by a ſim ple Transformation may- be 
1 1 pee changed into. another, in which the 8 K to be reſolved is clear of 
+ cleared of Frackions, and having the Coeficient of its * Term, Unit. a 


1 Suppoſe the Equation, propoſediis æ5 + 5- x* * * o, 


=. 1 F by putting the unknown Quantity æ equal to another 7 divided by ſome 
15 N OR; My | transform the e Lag a new one, 


95 SY 1 + 2 755 + 72 L ＋ = or y 425 ＋ Ao, 
2 BT ot which I dear, that of 2 is diviſible: by $57 05 pf and by ; 
wo 1 5 70 d. wilt be! . we have therefore no mare to do 


e chan to aſſume for n the Produ& of the Numbers by 4 and if thoſe 5 — 
Numbegs arc not prime to each other, it will be eaſy to find a Number 
leſs. than their Produ& that will be diviſible by all the three, 5 
The Equation being transformed: into another clear of a the 

commenſurable Roots of this, laſt Equation are to be inveſtigated. by the 

foregoing Method; and if none are found, neither will the firſt have any, 

| ſince x ſuppoſed commenſurable, cannot give an incommenſurable Quan - 

tity when SOD * the Number my which is . commenſurable. 


„ 
| The 8 Method is liable to this "ROTO DIA that when the 
bee laſt Term. has very. many Diviſors, the Labour will be exceſſive to try: all 
= i os the Divifions that this Method preſcribes; how: the Analyſts have abridged” 
ale W by limiting to a ſmall Number the Diviſors that are to be tried, we n 
3 is, now proceed to PR. . | 


| able: 


'F 7 E crous ARITHMET! Ic * " = | . 


They obſerved erd, thatif xt inthe Root — 9 a or if in Obſervasi- 
e any Quan & be put equal to a given | watered 45 ; 
the Number into which the Diviſor will then be transformed, will be a 64 te ren. 
| Diviſor of the propoſed ring in which x has been 42 equal to the der the 
ſame Number, that is, for Example, if in the Quantity x3 — 2x — 21 offore ing 
which x—3 is a. Diviſor, « be put'= 5, the. (ak uh 94 into which me mem ber- 
x3 — 24 — 41 18 transformed by is Suppoſition is neceſſarily diviſible by fes. 

— Number 2 into which x—3-15 transformed by the ſame Suppoſition. 

They then ſuppoſed x in the Quantity whoſe Diviſor they ſought, ſuc- 


5 232 equal to ſeveral Numbers, ſuch, for Example, as + 1, 0, — 1; 


ns that ſhould be firſt made, becauſe they are the enaſteſt 
ttuted, they afterwards the Diviſors of the Numbers into which 
the propoſed Quantity is transformed by thoſe Subſtitutions, and obſerved : 
10. That among all the Diviſors of the Number arifing from the Sup- 
_ poſition of x= +1 in wg eee, Quantity, the Number t + « ſhouldbe 
found, ſince x + is the Diviſor fo 
29. That among all the Diviſors the Number arif ng from the Sup- 
peſition of x =O, which are no other than the Diviſors of the laſt Term 
of the propoſed Quantity, the Number-a ſhould be found. © 
3. That among all the Divifors of the Number ariſing Tor be. | 
Suppoſition of . — I ſhould be the Number e N 
ee V- 
Now ao the Nutubers r + a,a,—T1'4+a „ ſuch, chat the, 3 
e the ſecond by Unity, and that che ſecond exceeds the third e tal eg 
alſo by Unity; it follows that of all the Diviſors of the Number ariſing pls for find- 


from the Su of x =o, thoſe only enn expreſs a, that are exceede eee 
by Unity by ſome one of the Diviſors of the Number arifing from the rable roots 


E =, and exceed at the ſame Time by Unity ſome one #f an equa- 
e Diviſors of the Number ariſing from the Suppoſition-of x = — 1. = 

Ne a Wy are found among the Diviſors arifing from the 

p ſition of æ o, that have the above mentioned Conditions, to reduce 

the Diviſors of the laſt Term to ſtill more narrow Limits, x is to be put 

= 2, und then obſerve if among the Diviſers of the * ariſing from 
this Suppofition, there be found an that exceed by Unity thoſe arifing 
from the Suppoſition of & = 1, A ben A 5 
It is eaſy to pereeive that the Trial that bb all thoſe Di- 
wiſars mould be double, that is, that each of them ſhould be taken as well 
. _ negatively as politively, 
- To Mluftrate this Method-and t 10 render dhe Application of i it Mere ef, be 
we ſhall proceed to give ſome ede anke, Order to be obfervee 
In earn as avoid miſtakes . W e og i: 
9 1 
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A XXVI.. 


1 tre }ASOÞ}:: 25 . 476. $ 164 + 
A lication I Tfirſt ſet down one under the other the Suppoſitions 1, o, — 1, tobe made 

pail —_ for x ; I ſet down "afterwards beſide each of thoſe Numbers, the Num- 

- thod to an bers — 8, / 6, + 16, or ſimply 8, 6, 16, (becauſe the Signs do 

_ example. not affect the Diviſors) into which the Quantity x3 — 24 — 13x +6 

is transformed by. thoſe Suppolitions, and I ſeparate them from the firſt 

Numbers by a vertical Line. I ſet down in a third Column the Numbers 

1, 2, 4, 83; 1, 2, 3, 6; 1, 2, 4, 8, 16, which are the Diviſors of the 
foregoing Numbers; the four firſt beſide 8, of which they are the 

Po. Diviſors ; the four that follow beſide 6, and the five laſt beſide 16. * 

This being done, to find among the Diviſors, 1, 2, 3, 6, of the 

| Number 6 ariſing from the Suppoſition of x o, that which is to be added 

7 or deducted from x to obtain the Diviſor ſought, or rather to exclude 

| | from all thoſe Diviſors, thoſe that have not the required Conditions; I 

_ obſerve 12. that 1, which is the firſt of thoſe Diviſors, cannot be admit- 

ted, whether it be.taken with the Sign = or with the Sign —3 fox if it 

be taken with the Sign +), that is, if x + 1 be conſidered as the Diviſer 

- ſought, this Diviſor becoming 2 by the Suppofition of -x= + i, and o by 

the Suppoſition of x = — 1, we ſhould find 2 among the Numbers of the 

- rſt Line, and o among thoſe of the third: Now the ſecond of thoſe Con- 
ditions is not anſwered. As to — 1, it cannot be admitted either; that is, 

t is not the Diviſor ſought, for this Diviſor becoming o by the 
B Suppoſition of x = + 1, and —2 by the = gg of x= — 1, we 
ſhould find o among the Numbers of the firſt Line, and the Number 2 

among thoſe of the ſecond. Now only the ſecond of thoſe two Conditions 

is anſwered. I next perceive that the Diviſor 2 is alſo to be rejected, 
becauſe if it be taken with the Sign +, that is, if x +2 be conſidered as 
the Divifor ſought, we would have + 3 by the Suppoſition of x = + 1, 

and + 1, by the Suppoſition of x.= — 1, which would require that the 

_— Number 3 ſhould be found in the firſt Line, and 1 in the third: Now the 
=_ \ +. firſt of thoſe two Conditions is not fulfilled. And if 2 be taken with the 
| Sign , that is, if x — 2, be conſidered as the Diviſor, we would have 

—1 and —3 for the Suppoſitions of x= + l and of æ =— 1, which 


UW 3 3 
. 


PE CIOUS ARI THMETTCEK. 


would require that 1 ſhould be found in the firſt Line and in the third: 
the firſt of which Conditions is only fulfilled. - 5 ; 


Having excluded 1 and 2, I aſſume the Diviſor 3, and I perceive that 
taking it with the Sign +, that ee x + 3 as the Diviſor ſought, 
we ſhould find + 4 by the Suppoſition of x = + 1, and +2 by the 


- 


Suppoſition of x = — 1 : and in effect I find 4 in the firft Line and 2 in 


the third, wherefere -+ 3 has the Conditions required, I therefore ſet it 


down in the ſecond Line, that is, oppoſite. the Number of which it is a 
Diviſor. I ſet down at the ſame Time the Numbers + 4 and -+ 2 in the 


* above it, and below it, not that thoſe Numbers are to be jeined to x 


| a 5 ſhould 


to ferve as Diviſors to the propoſed Quantity, but becauſe the Trial of 
the Divifors not being e De. other Numbers beſides +. 3 might be 
found having the required Conditions, and in this Caſe new Suppoſitions 
are to be made, to diſcover among thoſe Numbers thoſe that are to be 
excluded. E now try if 3 taken ith the Sign — will ſucceed, that is, if 
* z has the Conditions required to be a Diviſor of the propoſed Quan- 
- tity; in this Caſe we ſhould have — 2 and — 4 by the Suppſitions of 
x =-+ 1, and.of x = — 1, which happens in effect, whence x — z has the 
Conditions required to be a Diviſor as well. as * + 3, I therefore ſet down 
Laſtly, try 6, and Fperceive that if it be taken with the Sign + we 
And +7 and 5 in the Lines above it and below it, which does 
not happen; and if it be taken with the Sign — we ſhould find — 5 and 
Ein the ſame Lines, which likewiſe does not happen. I conclude- 
therefore that the propoſed Quantity can have but x — 3 and x + 3, for 
Divifors of one Dimenſion. Þ _ a 
Io diſcover if there is the fame Foundation for trying the Diviſion by 
x— 3 as by x + 3; I obſerve that if a fourth Line was made by ſuppoſing 
x—=— 2, we ſhould find — 5 for the fourth Term of the . 
2, — 3, — 4 and +1 for the fourth Term of the Column + 4, 
+3, +2; for it is manifeſt that the Diviſor x— 3, would become — 5, 
by the Suppoſition of x = — 2, and that the Diviſor x — 3 would be- 
come + I by the ſame Supppofition. But by putting x=— 2 in the 
propoſed Quantity x3 — 2x — 13x ＋ 6, it becomes 16 which is not di- 
viſihle by 5. and is by 1. Wherefore x — 3. cannot be a Diviſor of this 
Quantity, whence if it has one, it muſt be x + 3, I therefore divide 
x3 —2x* — 13x +6 by x + 3 which ſucceeds, and gives for exact Quo- 
tient xx — 5 2. CL „ ; 1 5 
In Numbers ſo ſimple as 8, 6, 16, it was an eaſy Matter not to omit 
any of their Diviſors, becauſe thoſe Numbers have but few Diviſors, but 
in Numbers that have many Diviſors, to obtain them all, they muſt be 
fought with a certain Order, we ſhall therefore proceed to explain by an. 
Example how the Analyſts perform this Operation. 8 . 


. 
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- P 4 
. 1 * 
1 * - 2 . . 
N * 1 
8 * 2 
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Method f of 


2 - buy 
ſors of any. 


poſed 
number. 


| fucceeds, I ſet down 2 to the left Hand of the vertical Line, op 


5 


8 ELEMENTS or 


1 XVII. | 
Link its jp propoſes to | God all the Dien of the number 120, 
draw a vertical ine 93 - 141 
Hand of this Number, an 5 1 
the left Hand e 5 1 43]. 
fite to 120 I ſet down 1, as „ ö : 8. 4. 2 4 
ing its firſt Diviſor. I af. „ 


ES whether 2 will di- 120. 60. 40. 30. 20. 15. 10. 5 
vide 4 us the Diviſion 55. 5 


bo the Quotient of the Diviſion „which I ſet down to the 


| 5 I then ſet down the new Diviſor 2 node the 


 T-afterwards try the Diviſion by 2, which ſucceeds, and gi ves 30 for 
2 2 and 30 

under 60. I multiply at the ſame Time the new Diviſor 2 by the one 
above it 2, and ſet down the Product 4 to the left Hand of the fecond 
2, as being a new Diviſor of the propoſed Number 120. ? 
As is diviſible by 2, I ſet down 2 again to the left Hand of the 


vertical Line in the fourth Row, and the Quotient 15 to the right 
Hand oppoſite to it in the ſame Row. I i at the ſame Time the 


by 2, by 4 and by 8, which 


new Diviſor 2 by 4, which gives 8 for a new Diviſor of the propoſed 
Number. But omit multiplying it by the firft Diviſors, becauſe there 
would reſult 4, which has been already ſet. down. | 
15 not bei diviſible by 2, I try the Diviſion by 3, wh ſucceeds, 
and gives 5 for the Quotient, which I ſet down to the right Hand in 
the Row, and the Diviſor 3 to the left; I afterwards multiply 3 
find in the ſuperior Lines, and ſet 
down to the left Hand of 3: the Products 6, 12, 24, which are, as is 


manifeſt, new Diviſors of the p Vi my e 


5 having no Diviſor I ſet it down to the left of the vertical Line 
in the fifth Row, and I ſet down at the ſame Time the ProduQ of this 


Number into all the foregoing Diviſors 2, 3, 4 6, 8, 12, 24, and there 


reſults 10, 15, 20, 30, 49, 60, 120, whii 


I ſet down i 3m the ſame 
Row to the left Hand of 5. 

Which being done, all the Numbers which are to the left 1 of the 
yertical Line from 1 to 120 are the Diviſors of 120. After the ſame Man- 


ner all the Diviſors of any other Number may be found by dividing it b 


its leaſt Diviſor that exceeds Unit, and the Quotient again by its 25 
Diviſor, and ſo on, till you have a Quotient that is not diviſible by 
Number greater than Unit. This Quotient, with theſe Ag will 
be the firſt « or ſimple Diviſors of the Number, and the Products of the 
Multiplication of any 2, 3, 4s kee. of them will be the * Diviſors. 
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1 1 165], 171. us. . 55. 1 a 
| 120 P. 2 3.4.56 „8. 10, 12. 15. 20. 24. 55.40. 60. Wha - N 


provided the Numbers 11 and 13 that are above and below it are alſo. 


N . 
srrciovs ARITHMETICK. „„ 


N | Vn. 
| Lett now be eee end te comment Rn ofthe Rua 


221 |1.13.27.221 
"A ann a firſt Wet Column 1 1 


to be ſucceſſively given to x; and in another vertical Column the Num- 3 


bers 165, 120, 221 refolting fre from the Subſtitution. of thoſe Values in the eee 5 


Quantity.x5 — 12 K* +5 .x3 — 61 X + 22x — 120. Fplace in a third commenſu- 


Column the Diviſors of thoſe three Numbers, each oppoſite the Num- ble roots. 


ber that produced them. This being done, I examine firſt if amo NT Ko 


| the Diviſors of 120 the Number 2 has the required Conditions, and I foregoing 


perceive that when taken with the Sign + it agrees with the Numbers method. 

3 and 1 above and below it. I therefore ſet down in the fourth vertical 

Column + 3, + 2, + 1. But the ſame Number taken with * 

does not ſucceed, as — 3 is not found below it. : 
Examining in like Manner all the other Divifors of 120, I obſerve, . 

that the Number 12 taken with the Sign — has the required Conditions,. NJ \ 


taken with the Sign —, I therefore ſet down in a fifth vertical Columa. 
the three Numbers — 11, — 12, — 13. 

Jo diſcover now by which of the two Quantities x +2; or x — 12 
the Diviſion is to be tried, I obſerve, that if it was by the firſt, — 2 


45 ſubſtituted for x in the Equation: ſhould make it vaniſh, and as this does 
not happen, I conclude that the Diviſion: by x — 12 is the only one to 


be tried, which ſucceeds and gives x* + 5 x* — # + 10 for Quotient, 
whence 12 is one of the Values oy x W e and tne 
9270 commenſurable one. 8 


. | 
Era it be Sd to find the commenſurable Roots of the Dquaio 1 
MET AN 1-3 e ＋ rl 75 36 = | plication of 
| 8 = 1 3 
TS | —1 N 3 


„e 30 +3—2 |—3 | + 10meaſurable 
36 1. 2.3.4.6 9. 12.18, 30 + 2 — {4 + o roots in an 
| 1. 2. 4. 3.9. 10. 20. 10 ＋11—4 —3 11 1 
Haying ſet down in a firſt. vertical: Column the Values 1,.0,.— 1 to 
be given tox; in a re the Numbers 30, 36, 40, into which the 


ee. 


——— 


propoſed Quantity is transformed by theſe Suppoſitions, and in a third, 


all the Diviſors 1, 2, Þ 5 5. TOY: 15. 30 of the Number 303 the Di- 
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viſors 1, 2, 3. 4, 6, 9, 12, 18, 36 of the Number 36, the Diviſors 1, a, 
438, 5, 8, 10, 20, 40 of the Number 40; I find among all thoſe Diviſors 
four Columns: that have the required Conditions, the firſt + 3, + 2, 
＋ 1, the ſecond — 2, — 3, — 5, the third — 3, —4, — 5, the fourth 
MLA: I. oo Earle, 
I : To diſcover which of thoſe Progreſſions are to be rejected, I firſt put 
=: * = 2, and ſet down 2 above 1 in the firſt Column, I afterwards ſet 


*.-  - down in the ſecond Column 74, the Number inte which the propoſed 
Quantity is transformed by' ſuppoſing x = 2. I now perceive without 
: taking the Trouble of inveſtigating the Diviſors of this Number, that 


the two Columns + 3, + 2, +1, and + 10, ＋ 9, ＋ 8, are to be 
rejected, for if the firſt could be admitted, we ſhould find + 4 among 
the Diviſors of 74, and if the ſecond could be admitted, we ſhould find 
7 1 05 11 among the ſame Diviſors. N ARIES 75 4 „ a | T 
But I perceive, that the Numbers — 1 and — 2, that the Columns 
2, — 3, — 4, and - 3, — 4, — 5 require, are Diviſors of 74. I 
therefore ſet down the Numbers — 1 and — 2 above — 2 and — 3 
in the ſecond and third Colums, I afterwards try to exclude one of theſe 
two Columns — 1, —2, — 3, —4; and — 2, — 3, — 4, — 5; which 
is eaſily effected, ſince if the firſt was to be admitted, the Equation 
ſhould be reduced to © by putting x = 3, which not. happening, there 
remains only the Column — 1, —2, — 3, — 4, — 5 to be tried, that 
is, the only Diviſor to be tried is x — 4, which ſucceeds, and gives for 
Quotient x? + 3x3 — 5 x — 9. whence +4 is one of the Values of 
r in the propoſed Equation, and the only commenſurable one. | 


EN . | ILL. i: | ft Fn 
 . Advantage When an Equation of the fourth Degree has been found to have its 
of inveſt! four. Roots real, before its reduced Equation is attempted to be ſolved by 
Enceenſa. Approximation, in order to obtain the Value of x to ſubſtitute it in that of x 
_ _ rable divi- (Art. CL. Chap. 111.); it will be proper to examine by the foregoing Method 
 fors in the. whether any of its Roots are commenſurable if it has but one commen- 
Ider chan in ſurable Root, the other thre cannot be found otherwiſe than by Approxi- 
_ the propoſ- mation, vis. by ſolving an Equation of the third Degree, whoſe three 
5 5 Roots are real; but if an Equation of the fourth Degree has two com- 
fourth de- menſurable Roots, its Reſolution may be compleatly effected, ſince when 
_gree. theſe two Roots are found, there will only remain to be ſolved an Equa- 
N tion of the ſesond Degree. N % 


Fa. FO „5 
When an Equation of the fourth Degree has two commenſurable Roots 
it will be eaſier to find them by Means of the reduced Equation than 
- by itſelf; for it is manifeſt that in this Caſe, in the four Values of z 
. repreſented in general by i + k; i- ; —i +1; —-i—1; i can only 
Quantity, and conſequently in the Root xx — 411 


be a commenſurable ( 


8 


3 


9 
* 


A eis Mn e 


of the reduced Equation, 4 ii will repreſent a commenſurable and Square 

— Quantity, wn WE 24 ſelect out of the N of the laſt Term, 

only ſquare Quantities, affected with the Sign —. | 
Likewiſe 5 if the Equation z* -E ZZ TAZ TTS O can be reſolved ; 

into two Equations of the cond? egree the Coeficients'ef whoſe Terms 

are commenſurable Quantities, we are to inveſtigate the Diviſors of the 

reduced Equation, and ſelect out of the Diviſors of the laft * erm en 


VVV ID 5 


- 


, VV fy 
Tho” an | Equation of the fourth D has not two 8 _ To 
Roots, or is not reſolvable into two Equations of the ſecond Degree, eee 
the Coeficients of whoſe Terms are commenſurable Quantities, it may of the 


be refolvable i into two Equations of the ſecond Degree, the * nf fourth de- 


gree whoſe 


whoſe Terms are ſquare: Radicals, in this Caſe the Part +7 — x of the only ale 
Expreion + — x +4/ (—£x* T0 of the-Value del ra 


of Z, or + which is the ſame, the Part # common bo the four R 

i ＋ , i — k, — 4 — 1 '— 1, ſhould be a ſimple. Radical 

of the ſecond Degree, becauſe in the reduced Equation x is every .. 
where of an even Number of Dimenſions, conſequently in all Equations 
of this Nature, their reduced Equation is diviſible by x x + a commen- 
ſurable Quantity; and of cou vations of the 9 0 Degree are 
reſolvable by the foregoin el * their N F has 8 

| Diviſors of this = OMP»; | 0 


. 1 "xxxnr.. . Mo : 
OO For t 8 1 of Art. C11. Chap. 17. 40 "ry 16 15 The fote- 
3 99 u* + 228 u ＋ 144 = © be propoſed to be ſolved, to diſcover oe. 
whether it has two rational Roots, I ſe x out of the Diviſors of the laſt e ng FR 
Term 2704 of its reduced Equation, x* +6 x* — 183 K — 2704 = o, by an ex- 
thofe that are Squares, and that are affected with the ign —, and T find e 
that this reduced Equation has for Divifor x * 16 = o, e the 
Artic of. the propoſed Equation : are found as in the Tbove mentioned ä 
tic e. l 8 5 ; 
In like Manner, if the Equation of Art. LIV. Chap. 111. 2. — 6 K 
4 82—1=0 was propoſed to be ſolved, it would appear by this 
Method that its reduced Equation x6 — 12 * + 4o x* — 64 , has 
Fa Diviſor x x — ah whence are obtained the Roots of the Propoſed 
uation. d 
To ſhow the Vie of the bieghlie' Rules i in the Solution of Problems, 
here follow ſome Examples: 1 
: <6 


— — —y—„—yᷣ— — — — 


| (ELEMENTS: or 


ML + 


Tube Maſou A a B 8 Nel 4 12 role md, i 
ths e Dave; 7 25 +7 1177 ſeparately per TON 
fame, be multiplied 45 25 in which A alan ( he working quicker than B) 

a E vill be 1000, in in wle Tome, could, 5 
it 


Another | py 1 dae in x Day and in. Days, then 
olved by X21 =12 = = the Wark done by 4; and 51 18 16 2 = the 
che forego- 4. 85 2 

e 8 Work done © ps in 12 Ot then 23 _ e 2 METS or 12'x SY . 


abies ' 2 er 
3 al Wee ee ee 1000, att is, 3 debe 


or #3 —12.xx + 12 X#==I000- x—1 2000, then x3 — 1000 x-12000=0, 
Now, by the faregoin Method, there will be found the Diviſors 21, 20, 
1ẽ0ͥ, differing by © ity, but & — - 20- will 18 ne Se gpl * 
SF HT 30% * «x v. MY ' 
 xxXV. 
: 2 Had: two e Pieces of. Meble « contathing DENT 1072 
* Inches, and being ſeverally placed in his Tard, the they ** en 1,30 ſquare 
rt of the Ground, . what are. the Sides of thoſe Cubes 
Third pro- - Suppoſe æ = the Side of the preaters and y the Side of the leſſer Cube, | 


blem ſolved 3 3 = 5 
— 9 25 tes x, + 2 10723 or x 1072 — 33 and x X ＋ 3 = 189 | 


1 


4 : = 130 5 but a = (1072 — 9): = (130 — y 3)3z 

wry en hence 56 — 195 yt — 1072 y3 + 559 — 523908 = 0; wy the 

. foregoing Method, there will be found "ance th Diviſors 9, 8, Le 45 A 25 
5 EY 1 S but 3 will divi . e ee 


e ee e has e nge then we are to- 

edge e poſe att on has no ſim or, we are enquire 
. if it has = forge. q atick Diviſor,. Fi itſelf is an Equation. of more 

than three Dimenfiqns) the Solution of Equations of the ſecond, Degree 
„being as compleat as that of the firſt. How the Analyſts have proceed 
laveſtfgati- ed in this Reſearch we ſhall therefore continue to e mr 


kg oe Let & x U In 4 751 15 Equation of the ſecond Degree 
finding the that may be one of the he Factors a given Equation, or what amounts 
eee to the ſame, let wx +6 Abe de the Diviſor ſought of a given Quan- 


rable fac- © tity, b x o in this Diviſor, it is Wan that is wal be re- 
tors of any Fi Th he Number e cy ko that this Number will oe” one a 50 * 


Equation, "et the * Daun, of te given. . 


3 


r 
: 1 * . 

5 > 7 £ 
3 3 £ 


8PECIOUS ARTTHMETICK.. 


3 


If we afterwards put æ = + 1 in the Diviſor x* + 5 + x c, it will 


: 


de thivformedinto 1 . 5 +; which will be one of the Diviſors of the 
Number that reſults, by putting likewiſe in the propoſed Quantity 
7 


x = 1. Wherefore, if all the iviſors of this Number be inveſtigat 


and Unity be deducted from each of them affected as well with the Sign 
. as with the Sign —; among the Numbers poſitive and 2 oe 
a 


| Tflaſtly we put x == — 1, ws well in the propoſed Quantity as in de 
© + bx + c, which then becomes 1 — 5 Fe, it is eafy %s 


. 0 


ag from this Operation, the NunWer expreſſing 6 + + w 
Divifor x & 
| perceive that if all the Diviſors of the Number that reſults be inveſti: 
"gated, and Unity be deducted from each of them affected as well with 
dhe Sign Þ as with: the Sign —, among the Numbers poſitive and ne- 


gative reſulting from this Operation, the Number expreſſing — þ 4 


No, as c is an arithmeticgl Mean between $ + cand —b Þ cit os 
lows that out of the three Series of Numbers expreſſing-b + &, c, - Ie 


thoſe only that are in arithmetical Progreſſion are to be ſeleed. When | | | 


three Numbers in arithmetical. Progreſſion are found, it is manifeſt the 
one correſponding to the Suppoſition of x = O is to be aſſumed for . 


and as the Number that correſponds to the Suppoſition of x = 1, 


will repreſent 5 + c, it is manifeſt, that by deducting the firſt from the 


ſecond, the Quantity & will be objained ; ſubſtituting afterwards thoſe 
two Numbers in the Room of þ and e in xs +ib x + e, there will re- 
ſult a Diviſor for the propoſed Quantity. to be tried, and the only one 


* 


to be tried, if but one arithmetical Progreſſion has been found among all 
the Series of Numbers furnifhed by the Diviſors of the Quantity in which 
x has been made ſucgeſſively = 1, o, — 1. If feveral arithmetical Pro- 


greſſions have been found, thoſe that are to be rejected will be found 
much in the ſame Manner as in the Caſe of fimple Fei by making 
new wy” {rar for x, as —= 2, — 3» or + 2, + 3, MW. 
For if in the propoſed Quantity we put, for Example, x =—2, x= 3 
Ec. it is manifeſt that all the Diviſors, as well poſitive as negative of 
the Number that reſults, will be expreſſed by 4 — 2 5 + c, or 9g — 3b + 
c, '&c. into which » + > x + c.1s transformed, when x = 2, or 


* — 3, Cc. and deduQting from all thoſe ſame Diviſors 4, g, &c. 


the remainders will be expreſfed by — 2.5 + e, — 3b + , &c. Now, 
—2b +c,— 3+ +c, &c. being Terms of the arithmetical Pro- 


greſſion b + e, c, — b + c, no more remains to be done than to ſearch 


among the Progreſſions already found, for one that is not altered by 
04, new Values of x, which will ſerve. to determine the Numbers 


3 


Application 
the fore- 


going me- 
thod to an 
example. 


of the Quantity 


as * * * FOI * 2 " 
. FIT" 9 A WWW 2 ee "HOPE 
8 . P i I ROS YC TITS e 
7 * 9 r * 8 Ns F209 1 IR uy Ty REES R n — 7 
Ws LIES Ke I0, * & i . 


. * 7 
. N 8 I * 
Fi * _ 
: 3 E A . E M E. N 1 8 8 8 Oo F 5 f "Xt l ke : 
8 ” £ vs 3» oh 8 hy * > * * * . wr 4 4 r 
7 N "x . 2 2 7 x Yo: bo * #; + x x 3 * 


1 renn, 


Let it be propoſed, for Example, to find a Diviſor of two Dimenſions 


* 


"3 


3 +20 +8x* 36 4. 


242 — 1 © OF. © 


1. 3-7-2 | of 21 —, -, 1, 3, 7,1 [=] 1]—7|[—-3[— 
| 5. 13. 65 | 1 „14, —6, —2, o, 4, 12, 64 of 4] —=14]—- 6] — 
1. 6. 25. 126 | 4 | —129,-29, —9,—5,—3, 1, 21, 121 if — 9 |—3 
1 3. 5 3 1 

49-147 SJ. 


156, — 88, 30, —16, —12, — 10, 3 = 
8, —b, —2, 12, 4% 138 3 | ves 


I firſt ſet down in a vertical Column the Values 1, o, — I that are 
ropoſed to be given to x, I ſet down afterwards in a ſecond vertical Co- 

lumn the Numbers 1, 21, 65, into which the propoſed Quantity is tranſ- 

7 ((( 

I ſet down in like Manner in a third Column, beſide the firſt Num- 
ber, its only Diviſor 1; beſide 21 its Diviſors 1, 3, 7, 21; and beſide 
65 its Diviſors 1, 5, 13, 65. * „ 
This being done, I ſet down in a fourth Column the Numbers 1, o, 1, 
Squares of 1, 0, — I wrote in the firſt Column, and conſequently the 
Values of xx in the ſame Suppoſitions of 1, o, — 1. Laſtly, I form a 
fifth Column from thoſe Conditions : V ͥ»Il 
1“. That the firſt Line may be — 2, o, found by deducting 1 from 1 


- 
. 


taken with the Sign — and with the Sign + 


29. That the fecond Line may be compoſed of the Numbers — 21, 
— 7, — 3, — I, + 1, + 7, + 21, the ſame as the Diviſors which are 
ſet down beſide them, but taken with the Sign — and with the Sign +. 
3. That the Numbers of the third Line may be — 66, — 14, — 6, 
— 2, o, + 4, + 12, + 64, the firſt of which = 66, — 14, — 6, — 2 
found by deducting 1 from the Numbers 65, 1 El 5, 1 affected with the 
Sign —, and the others o, + 4, + 12, + 64 found by deduQting 1 from 
the ſame Numbers 1, 5, 13, 65 affected with the Sign +. 5 WIE 
To determine afterwards the arithmetical Progreſſions contained in 
thoſe three ſeries of Numbers. I begin by taking in the firſt Line the 
Number — 2 for the firſt Term of a Progreſſion, I take ſucceſſively for 
ſecond Terms all thoſe of the ſecond Line; IV s ſeek at the fame Time 
the third Terms which theſe two firſt wopld require, and I examine 
which of thoſe third Terms are fopnd in the third Line : Now, — 2 and 
— 21 ſhould give for third Term — 40, which is not found in the third 
Line, I therefore reject 21, and next aſſume — 7 for ſecond Term, and 
as jt ſhould give — 12 fer third Term, and that — 12 is not found in 


— 


- the third Line, I reje& alſo — 7; as likewiſe — 3, becauſe this laſt ſhould 


give — 4, which is not found in the third Line. 


- 


$PECIOUS ARITHMETICK. | 
FE to . kines it gin. for third. Term, and ©. is found in the third 


Line, I ſet down in a faxth Column the Progreſſion — 2, 1, o, like · 
wiſe + 1 taken for ſecond Term, giving + 4 which is alſo found in the 
third Line, I ſet down the ſecond Progreflion — 2. + I, + 4, and as 
. +7 and thy 21 ſhould give each a third Term, which is not found in the 
third Line, I reje& them. Having determined the Pregreſſions that can 
begin by 2, 100 to thoſe whoſe fir ſt Term will be o, and to find them 
15 take, 75 ac for As all the Numbers of the ſecond Line one after the 
= other. 
I perceive bcſt, that 21 ſhould give for third Term — — 42, which is 


not found in the third Line; I next perceive that — 7 gives — 14 which 


is found there, I therefore ſet down. the Progreſſion o, — 7, — 143 
likewiſe — 3 and — 1 „giving — 6 and — 2, "Tk are alfo found inthe 
third Line; I ſet down the Progreſſions o, — 3, — 6, and o, — 1, —2, 
As to the Numbers + 1, + 7, + 21, becauſe the third Terms they give 
are not found in the third Line, I reje& them. 

Jo diſcover now which of thoſe Pr eſfions are to be rejected, 1 put 


x = — 2, and ſet down — 2 in the firſt Column; obſerving at the ſame - 
Time to place, 19. In the ſecond Column, 125 Number into which the 

propoſed Quantity is transformed, by ſubſtituting in it this Value of X, 
29. In the third, the Numbers 1, $, 25, 125, Diviſors of 125. 39. In \ 
the fourth S. the Number 4 ſquare of — 2, and Value of xx in 
this Suppoſition. 49. In the fifth Column, the Numbers — 129, — 29, 
— 9, — 5, found by deducting 4 from the Numbers 125, 25, 5, I, taken 
with the Sign —, and the Numbers — 3, + 1, + 21, + 121, found by 


deducting 4 from the ſame Numbers 1, 3, 25, 125, taken with the Sign +, 
By this Means, I perceive that the two Progrefſions — 2, +7 » + 47 


' and0, — 7, — 14, are to be rejected, becauſe they ſhould give for "fourth . 


Term ＋ 7 and — 21 which are not found in the fourth Line. | 
But the Progreſſions __ 2, _— I, O03 O, —3.—6; O — I, 9 
Fiving for fourth Terms + 1, — 9, — 3, which are found i in this fourth 
ine, to exclude at leaſt one of thoſe Progreſſions I have need of a new 
Suppoſition, I therefore put x,= — 3, whereby. the, propoſed Quantity 
is transformed into 147, I therefore ſet down 147 in ſecond Column, 
and beſide it, in the third, its Divilecs I , 8 7, 21 . » 147; I likewiſe 
fet down in the fourth Column 9 A © Value of x x in the 
new Suppoſiticn 3 laſtly, I ſet Fa 5 in the fifth Column the Numbers 
— 156, — 58, L 30, — 16, — 12, — 10, — 8, — 6, — 2, 
＋ 12, + 40, _+. 138, found by deducting 9 from the Numbers 
| mY 7, 2I, 49, 147» taken with the Sign — and with the Sign +. 
V th kl ies, 1 Ind that the Progreſſions — 2, — 1, o, I 11 
% IT Jo > os = Io. ſhould be rejected, but that the Progreſſion 
07 6, N 10 be retained; becauſe the two fifth Temme of the 


dk | 
of the fore- lick are propoſetl to be given to & 1 s n fet down in the * 


going me- 
thod to a- 
nother ex- 
ample. 


- - . * 


dukting c or from ©, or from 5 K c, I find +; fer 


E MENT G er | 


is GS 5 ah, ed he Song ihe 
8 the Aſth Term of the Progr on o, — 3 — —2 
is 1.2 Which is found eee... 
After having redueed al We Progſivint6 oh th, viz. 65 1 bt 


1 take in this Progreffion the Number = 3, which, in Em A 


- Itmin' corre} nds tothe Suppoſition of x =o, e Term c'of 
He Divifor ught & x + bx Te. Tafterwards he in eee 


likewiſe, O Which correſponds to the Suppofftion of * = 1, and which 
according to the foregoing Principles ſhould expreſs b + £5 ws, 2 * 
and cone 


| quent ihe Dis for ſought x 4 5 + + hs vx * — 3, if the pro- 
po ntity has rn. he Dimetifions ; I ee try tie Diviſion of 
Quantity x5 K 3 aN ＋ 8 ** —3 eee 3 —3.‚ 
Wen Meeres, and yives x3 + 5'* f for Quotient, 


* 


2 8 25 it 1 £47 5 


4 . d 
0 SANE 2 k 
- p ; * 48 3 8 TY < . 
of of u The) 
* a 3 1 


ee „ 6 4. 1 4 4 63.0092; 5 
10.43] 4 LE] 13235 , Fisser Ms +3 

3.11.3311 e re, een 171004 

17579 . "|. 1 


E Pl 
er nen 3k Bed x vertical G ee 4 35 8. 1, 


An xx VIII. 1 
* it rere to find 4 Divifor of two Diu 


n 
2 4 ; 
8 : h * x 
2 1 az — : ; E * 
* * Foſs 1 $4 


vertical Oolamnn the Narbe $134, 33 I, 3. ho which the propul 
Quantity is transformed by 'thofe 8d. por irons ; I ſet down in the third 
Column oppbſite to thoſe Numbers all their Diviſots. In the fourth the 


Values JEAN O, 1, 4 of A K, reſulting from the Suppoſition made for x 


T 5 Number Tu” In the Column I et down, for the firſt 
1 * umbers — 37, — 23, — T1, - 5. +3, +1 7 
Wenz un dehnen 4 fin the N We 881 Len Bel 

the NY nd Pet nen wth in the 15 gh 


Wore ray 3. = 12; 27 5 Ks 2 +10, ray 
deducting 1 Front e Numbers 1155 3, I, Taken 1 de View 


And ares With "the Sign P. 1 proceed in hy ni find 1 ihe 


th rd Line; Itherefore p {s*t6 ©, W 
7 + 


bother Lines. All choſe Numbers being ſet down, 1 take in the fiſth Line 
of the fifth Column, the firſt Number — 5 for firſt Term of a Progreſ- 
ſion, and taking” At the Tatrie Time — 2 in ie fourth Line for ſecond 
Term, I pereave that the rape "et Hl: und is not found in the 
uming — 7 for Heſt Term, 
not found in the third Line, 


Yu N- Te tird erm, 


x 7 a 
vi 3 + 7 


Dees but gives for Gurth Ten erm +4 45 8 ook 1 Land 3 
Line; I therefore reject — 2, and aſſume o for ſecond Term, and there 
reſults . 5 . 10, +. 155 for third, fourth, and fifth Terms; and as 
all theſe Numbers are found in the third, ſecond, and firſt Lines, 1 ſet 

down in the ſixth Column the Numbers 15, 10, 5, 0, — 3. 

Afterwards taking — 3 for firſt Term, T perceive that neither =—.-2 
nor o can be-affumed. for fecond Terms, becauſe the farſt would —— 
the Frogreſſions — 3, — 2, - 1, o, 1, the laſt Ferm of which is 
not found in the firſt Line; and Ly would- pr ache third Pro- 
greſſion — 3, o, + 3, '&c Whi ate f the ird Term 

+ 3 which is not ſound in the third Line. 

I remains te take — f for firk Term, Lit g SE PRES! 2 for ſecond: 
Term which docs. not fſacezed,; but- > ſecond Term, there 
reſult for third, fourth, and fifth Terms, tbe Nambers ＋ „, +3 
which axe in the third, ſocond, and firſt Lines; I theres (© a in 
und Column the Numbers + 3. K 2, + 1, %, -l. N 

This being done, I perceive that there is no further Glien ub giving $i 
x new Values to exclude one of the two Progreſſions, becauſe the given 
Quantit being of four Dimenſions, muſt neceſſarily have two Diviſors 
of two Gons, or none at afl; for when a Quantity of four Dimen- 
ſions has been found to have a Diviſor of two Dimenſions, the Quotient 
which is likewiſe a Divifer, will be alſo of two Dimenſions. - 
According to this Qbſervation, I take indifferently either of the two 

| foregoing Progreſſions, the firſt, for example, in which 5 correſponding 
to the ee een of x = Sz and io to the Suppoſition of x = I, there 
reſults c 5 and 5 ＋ c= 10, that is, b 5. Whence the Diviſor fur- 

niſhed by this Progreſlion is x x + 5x + 5.. Edivide therefore the pro- 

poſed Quantity by xx +5 x +5, and the Diviſion ſucceeding, gives 

for Quotient x&x 2 +t, which i 1s: Ano owe mn hl the: on Tres 

e would haue forniſhod. 

5 eee kene 


Tf it 15 propaſed to Ga the Diviſors 5 an e Wei a T) 
654 — 93 — 21 y* OD Ne Ann firſt Term has a Co- bs 
etficient different from may be obtained by employing the Method of 
foregoing Principles without: rind! at the Trouble of transforming it into pr war 
one that ſhall have the Coeficient of the Kuen Unit, * be effec- one dimen- 
ted by the Method of Art. x TI. e 
To — "Let ce xatnins-what e Divifdrodd ee . 
m 


: erm of the 
one. Dimenſion, # + @ repreſent the ſumple ON IO rd equation ? 


- 


% 


* 


2. LO 
** e at — „ c. "Quamitis that e 
in arithmetical Progreſſion in Which it is eaſy to obſerve; © 
e „ ee e ee tre 


* 


the Diviſor: [DSN TH : _ e ; TEES Me: fore i i 8 
49. That this ſame Di erence m ig a « Divifor of the Coekicict of the 
alt Term of the propoſed Quantity. r. 
Bk ge. 'That the Term 4 correip Ad! to t Su I YEE of = ©, i 
the Part of the Diviſor clear of 's. ae 4s 
_ = 4% That the ſame Qqantities in armada Progreſſion wall be D. 
viſor of the given r c be . pen pur qual 
to 2, 10, 15 45 K. | IN e Has OE? 0 105 
From Which ite follows, that ii Ovder'to:difocyer fuch 4 finde B- 
viſor when there is any, the ſame Proceſs is to be purſued as above for 
the three firſt Columns. Then among all thoſe Number Frogreſſion 
is to be locked 9 whoſe common Difference is Og we of the 


tuted, and in the Room Fo e fond by ee er 
eee ee eee age 


Let it be required to find, for Example, the Diviors of the 
. 55 6 — $3 21 * ＋ 3 +20 e - 7 5 


oy a 
er *y 0 PLLA 
IK, 6-5 . 17 TRY 
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VVV 170 m7 . 55 50 Your OY 15 25 wg EIT 000 e 
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7 1 4 Pd 9 Is ; * 
5 oy : . - 2 $A 3 p EL, 
3/7 ADS Cali ES Ed 1 £ 055 F F 5 
3s 525 . < 92 1 2 4 : : obs Be + 5 2 2 + 1 3 7 te : 8 3 
FJ $5: $2 7 : ; & 5 3 s 
2 7 : 175 . : . 5 8 0 72 >. N 
„ L | 25 * *. r 1 8 5 5 3 2 I . Kid 8 . £ ny . SMES > 
A = = br „ 1 5 e FC 
* * = i £ 4 8 : ” 
8 5 ; 6, ; 


9 vx # £56. 8 « 2 85 . 
ar ei ai 17 V 
8 o 
v1 73 11 1 „ FEE 2 855 
4 x Ts . . x ES 


ih Etage as ela in the rl -olumn the Suppoſitio 25 % —1, —=2 
to be made'for x, in the ſes ecpnd, the eta 10 30, 7, 20, 855 34 into 
Which the propoſed Quanthcy' is transformed by thoſe Su ppoſitions. 
Laſt „in the third all the Diviſors of thoſe Numbers. 

This being dome, in order to. diſcover among all the Numbers of the 


third Column ſome Progreſſiom that will ſerye to find the Diviſor 2 
I try the firſt Number 1 of tlie firſt Line, and I perceive that aſſum 
We Term the firſt Number x of the ſecond Line, the Progreion 
I, &c, that refults cannot be admitted; becauſe it cannot reſent 
the Pfeiler ſought n which ſhould "neceſſarily vary according to 
he ae Values 3 *. 3 likewiſe, ; that 7 cannot be 


8 only 10 that can have the required Conditions: Aſſuming / for ſecond 


* 2 9 1 , 9 * 3 * * 8 me * N ” of, Sat 
33 CC 
* 3 + + , 2 


* 


"8PECIOUS ARITHMETICK: 


b allomed for ſecond Term, ' becauſe the third Term produced by this 
- poſition would be 13, which is not found in the third Line. 
__ Taking afterwards 1 with the Sign, —,.I perceive that the 1 of the: 
. "ſecond E. cannot be aſſumed for cond Term, becauſe the third would ' _ 
be which is not found i in the third Line. As to 7, it is uſeleſs to tr 7 ny 
Whether the third Term it gives is found in the third Line, ſince tile 
Difference of — 1, to 7 is 8, which is not a Diviſor of the Coeficient of _ 
the firſt Term of the propoſed Quantity. Wherefore I ende taken with | © 9 
the Sign , or with the Sign —, is to be rejected. N 3 

Taking in like, Manner all the other Numbers*of ths firſt Line, I Go EE. 


'T erm, it gives. the Progreſſion 10, 7, 4, 1 . — 2 whoſe common Diffe- | 
rence is 3, Diviſor of the Coeficient of 6 x3, % | 

Setting down therefore this Progreſſion in the fourth Calum: I take | 
the Term ＋ 4 correſponding to the Suppoſition of x o to. expreſs the 
Part a of the Diviſor ſought, and deducting the ſame Term 4 from the 
Term above it +7 which repreſents m + a, I find 3 for the Expreſſion | 5 1 
of m, that is, the Diviſor ſought if there is one, muſt. be 3 * + 4. 1 
therefore try the Diviſion by this Quantity, which ſucceeds, and gives 
2 * — 3x: — 3x +5 for Quotient. 

2m 1 8 if it was required to find che Diviſors of ON Quantity | 


* a EMA {NA COTE 
7 Ay OE. FFT 3 42 n 
= l 


4.4". 46 x5 — 50 x +4943 — 140 K HEAR + 30 A * j 
42. 2 3 5 1 eee 5 A 34+3Þ+: 3 ; 
5 3 11 „„ __ EE 
30 2 £3 « 10874 e 30 —11—5 . 9 65 8 
297 . „ l 27-6) 336 Bb 297 —31—9 8 
| Here the Diviſors to be tried are 2 x —1, 4 7 —5 ande - 33 ol 
whichGx—5 ſucceeds, there coming out e +4 #* —20 x6... 
| friend . eee 
N en FA Uſe of! ws foregoing Rules 1 in the Solution of Problems, f 3 
here follow ſome Examples ſolved by 


-A Maſon nad 2 cubical Pieces of Marble, the Side of the . the bebte. Fe 
Side of the ot ier by Inches, and the Ju Inches in both made $733 what © 
were their Dimenſions ? 
If the Side of the lefſer Cube be expreſſed by x, „ then the Side of the 

Ha will be » ＋ 7; and x3 + (x + +75) 3 = 873 by Queſt. 
Hence 2 & ＋ 21 * +147 x — 530 = ©: Now, 7 the foregoing 
Method I find the Progreſſion 7, 5 3, whoſe common Difference is 2a a 
Diviſor of the Coeficient of 2 x3, and taking the Term 5 correſpond- 
ing to the Su 4 8 57 of æ So, to expreſs a and 2 for m, I find that 
2 * ＋ 21K ＋ 147 — 330 is diviſible by 2 x —5, giving, for Q 

tient x x + 13. + 106, * 35 and „ e Pe 


> 


4 8 : ; * . Wo : | : 18 3 7 


— 


©. Another There « are "few e the 1 7 aſx cle * Aj as 2 
ee, u. ence be multiplied by the greater, the Produ#t wwill be 36 N 
| RT - 2 fore - are tho e Numbers F : 

= grlagroles. If g = the greater and y the eller of theſe Nambers eonfequenty | ; 


| (*—3)Xx=36,0ra—p= D. Alſo #3 hn erm and: 
| dividing the ſecond Equation by the firſt, x* +a = 8 TN 
. 


Difference of the two laſt is 3 . 7 —Y hs ran Fa - 


USE. — 3 =604awhence 3 27 * — 159 +163083— 29540=0. 


Now by the foregoing Method there will be found the Progreſſion % 85, 
5, 4 3, whoſe common Difference is 1 a Diviſor of 27 the e 

* the higheſt Power of 5, and taking the Term 5; correſponding to 
[1 Þ is e 
the ä of 2 = & to expreſs a, Sie or m, I find that 
279% — 151 y3 + 1630 3 19549 = ©- is diviſible by 2 5» wi F 
for Qyoteat 27 eee — 80% + 15908'; Wher 42 5 5 
8 „ > . SE 

r We ſhall now procceed to explain how Diviſors of two 4; OR | 
fading the when the'higheſt Power of x has a. Coeficient, are inveſtigated. Let 
3 all m * +bx+t« repreſent the Diviſor ſought of a given antity, it 
Sons when 18 manifeſt, that the laſt Term c will be 2 Diviſor of the laſt Term of 
4 has « the given Quantity, and that m will be a Diviſor uf the Coeficient of the 
—_ coekeient. higheſt Power of x in the ſame Quantity . W 
Aſſuming therefore one of the Divtors of the . of the firſt 
=» Term of the propoſed Quantity to ex 8 and performing the ſame 
=. 85 Operation as in Art. xxx VI. with this differenee, chat dedu ing inſtead of 
deute Squares 16, 9, 4, &c. che Produkt of theſe Squares ace e 
deer taken for m, in like Manner 5 ande will be found. 

If the Diviſor that reſults, by ſubſtituting in * ae ba os "Wy for. * 
the aſſumed Number, and for ; and o thoſe that have been determined in 
ion, does, not ſucceed, another of the Di- 
vis of the Coeficient of the firſt Term of the given Quantity is to 
be aſſumed to expreſs my and the Calculation compleated as before. 1 . 
after having tried all the Diviſors of the Coeficient of the firſt Term, 
no Diviſor is found by this Method, you may e * the eee 
Da, has no a eee Ow Gs 


= 
5 * _ 8 * 
| 1 r * © 1 8 4 1 1 


* # 
4 
”M 8 7 3 9 ba 5 i . * ws 
' » — F 5 35 . 
$ — - % { * 


* 


1 


. — 437. e 


aj Column taken with the Sign 


dies Dimenſions but 2x* + G 11. 


S 


'$PECIOUS  ARITHMETICK.. 


o fin *. of: two boden 


24 * 14 K — 6 E 
I ee eee a 
4735.3 

Reds T1} . —1 1,14, 


1 i 


2 117 


1 f. 
77 7-11.77 | 


39-13-3917 $31,109 | 


+5 
2 


in 


—1 153, I 3. 9. 17,51. 153 2 —155.—53.—19,.—11,.—5.—3.—1, 1,7,15,49,151 
a 8 N Af EET & La 3 299 pa 7 Lf] 15,429. 


LN Having placed, as uſual, in the firſt Column the Numbers 2,15 O, A 
1, — 2, &c. to which æ is ſuppoſed ſucceſſively equal; in the ſe- 


—19 


—27 


licat ion 
of this 
method to 


cond, the Numbers 117, 5, 775 153, 437 into which the projets. Quban- an ex- 


tity is transformed by ſubſtituting in it thoſe: Values of æ; in t 
the Diviſors of the Numbers in the ſecond: I firſt try if it has a Diviſor 
of two Dimenſions, the Coeficient of whoſe firſt Term is Unit, and not 
finding any, I aſſume for m, that is, for the Coeficient of the firſt Term 

of the Bieter, the Nurnber 2 which is one of the Diviſors of the Coe- 
D ficient 4 of the firſt Term of the given Quantity 


third, all ampſe. 


I then ſet down in the fourth Column, indeed. of the Squares of GS n 


Numbers af the firſt, the Product of thoſe ſame Squares into 2 ſuppoſed 
Value of m, chat is, IL ſet down in the fourth Column the Numbers 8, 2, 
o, 2, 8. I afterwards deduct theſe Numbers from all thoſe of the third 
— and with the Sign +, which gives for 
the firſt Line of the fifth Column — 125, — 47, — 21, — 17, — 11, 
29. ent ee + 1, 855 5. 131 WOK ro for 5 bond Line * 75 


. ade | +1 | 
thoſe Nombers: bein ſet down, I ſeek for arithmetical il Progreſſions 


18 


All 
5 among thoſe. Numbers, an 
219, — 27 which I ſet down in the ſixth Column; now taking II cor- 
reſponding to the Suppoſition of æ o, to expreſs the Number c, and 
Sing this Number from —- is above it, I find the Remain- 
— for to expreſs . The Diviior therefore that reſults from the Sup- 
poſition of m 2 i 2 * + 8x — 11; and trying the Diviſion it ſuc- 
_ .ceeds, giving for Quotient 2 & — 7, a De taking the Trouble 
of going 'thro' the Calculation that the 
_ quire, I perceive that it would not ſucceed, becauſe then the Quotient 
2 — 7 could be reſolved into Factors of two Dimenſions, which is 
_ impoſſible.” Whence the 


uppoſition of m = 4 would re- Every 
quantity of 
leſs than ſix 
dimenſions 
propoſed Quantity has no other Diviſor of thas has di- 
| viſors muſt 
have ſome 


I find but the . berge 35 ii, : ? 


When the Quantity whoſe Diviſors are W inveſtigated does not 55 of a leſs 


75 coal the fifth ; TP they may be found by the foregoing Methods; 
for if this Quantity is found | by thoſe Methods -iv have no ſimple or qua- 
: dratick Diviſor, we may alſo conclude that it has no cubick Diviſor. . 


: number of 
? dimenſions 


than three, 


mM "gn. * * L E mY E N T 8 0 5E 
_— b FEET LE 
=_— and " But it hs! 1antity | riſes to fix- or more EE it y poſſibly 
tity has fix not be reſolvable but into Factors of more Dimenſions than two, the 
5 eee Method to be purſued for finding thoſe Diviſors 1 is founded upon the me | 
may have Principles as the preceding ones. 

alf dri: Thus if i it be à cubick Diviſor that is required to be found, let it be 


ſors of three 


er mere di m & —nx* rA, by ſuppoſing & equal to the . of the 
= on an | arithmetical Progreſſion, it will be as . 5 
8 217m—gn+3r—:|27m| . ou = F '2n 
ee 2 8 4A rar— , 8 42 — 21 441 3 —17 23 
lb b e . 14 e an 
jj 7 YT 9 OT e ＋ n — 17 
. ee [—n— ret? Nm}. Fe „ * Mink 1 


. Where the firſt Differences « are not ee in ener): — 
 +inding di- ſion, as in the laſt Caſe, but the Differences of its Terms, or the ſecond 
ace of Differences, are in arithmetical Progreſſion, the common Difference 
"more di- being 2 u, whence = is known... The Quantity v is found in the Column 
menſions. of the ſecond Differences, and 5 is always to be aſſumed ſome Diviſor of 
 - the laſt Term of the propoſed Equation, as m is of the Coeficient of the 
| firſt Term; whence all the-Coeficientsof a Diviſor m 18 : gas 270d 
„ which Trial is to be made, may be determined. 
Ik, it is a Diviſor of four Dimenſions: that is 3 by proceeding 
in hke Manner, you wilt obtain a Series of Differences whoſe ſecond 
Differences are in arithmetical Progreſſion. If it is a Diviſor of five 
= "Dimenſions that is required, you will obtain in the ſame Manner a Pro- 
 ,  -- grefſion whoſe third Differences will be in arithmetical Progreſſion, and 
= | . by obſerving. theſe: Pr ee yo _ wrote Rules for r 
= | the e r of the Diviſor required. 
8 W 
= Hitherto we have only bent how to e Diviſors of i 
_ 1 but as literal e may alſo have commenſurable Di- 
= _ viſors, we ſhall proceed to explain how they are to be inveſtigated. 
"Suppoſe, 19. That the'Equation'includes'only one known Letter wh 
x, and that this gu ation, to uſe the Language of the Analyſts, is homo- 
geneous, that is, has all its Terms 'raiſed to the ſame Dimenſion, ſuch 
For Example, as the Equation x3 —a x* — 104% x + 6 43. It ſuffices 
d - to ſubſtitute Unity in the Room of the given Letter 2 of this Equation, 
aAAl and find its Diviſors by the. preceding Rules. Theſe Diviſors 
e found, if they are of one Dimenſion, the Letter à is to be ſubſtituted 
8 ns. geg beſide * ee eee "ARE me ſecond Term. If the 1 


j 


Term, and a d after the Number that ſerves for third Term. 


4 : * 


SPECTIOUS ARITHMETICK. 233 


( N 


- js of two Dimenſions, à is to be piaced after the Coeficient of the ſecond 


Let the Quantity x3 EAX — 17 a* #— 12 43 be propoſed by 
tting a Ps, that Quantity becomes x3 + 4 x* — 17 x — 12 whoſe 


: Diviſor is x — 3, whence & — 3a is 4 Diviſor of the propoſed Quan- 


; tit Ra 


In like Manner if 2 x5 +5 ax*—30*x3—Ba*x* — 200 x +1265 


| was propoſed, by putting a ='1, it will become 2/5 + 5 x4 — 3 K 


— 8 K* — 20 x + 12, whoſe Diviſor of two Dimenſions is found to 
be 2 x* ＋ 5 x — 3. Subſtituting again in this Diviſor a beſide 5, and aa 


| beſide 3, there reſults 2 * +5 a x — 3 aa for the Diviſor of two 


I be ſame Rules may ſerve for diſcovering the Diviſors in an homo- Method bf. 175 
geneous Equation involving three Letters, but by Help of ſome Obſer- finding all 
' vations of Calculation which naturally occur, they may be found after a ee 
mach een n DES 7g 52 RAE: e 
Bauppoſe, 19. That the Quantity given which involves three Letters in a quan- 
2, b, x, ſhould have for Diviſor a Quantity that includes only two n “ 
Letters x and a, for Example. Since this Diviſor, be it what it will, tho? W . 
it does not contain 5, divides the propoſed Quantity in which & enters, tke \ 
Value of the Letter + muſt not affect the Diviſion, and coñſequently this | 
Diviſion may be performed even when þ Oo. Wherefore if 5 be put : 
So in the given Quantity, the Quantity ariſing from this Suppoſition 

muſt have for common Diviſor with the whole Quantity, the Diviſor 


* 
* 


Dimenſions of 2 4 4 6. 34 * 8 45 *. 20 , + 1295, 


il | 


involving 
two letters 


% 


N 


ſought, whence by the Rules of Art. LX II. Chap. 1. the Divifor ſought 
of whatever Number of Dimenſions it, be provided it contains but two 


2 
5 


| Letters, may be found. ' 


5 To 8 the A plication of this Method, let, 3x0 The | Quanti 
„ aX I Ta K ＋ 333 x ADD + 424363 be N 8 
of which it is required to find a Diviſor involving only the Letters a, x 


*RLYVSE 2: 


- 
2 * 
- 


N. 
: % 


By putting þ =0, there reſults x* + ax3 + 2A x* + 34 x + at 
whoſe common Diviſor with the entire Quantity, or which is the 9 N 


with the Remainder ab4 x + aa bbis x + @, which is therefore ne- 


_ ceſſarily a Diviſor of the given Quantity, and the greateſt it ean admit 


of that does not contain 5. 


Let x5 —4ax*+6aax3 —absz3 +abbx*+2a0bx* —4 a3 x* Another 


—2aabbx—243b x + 2:43 63, be propoſed; wy Putting 5*='0'in Example. 
this Quantity,+there reſults & — 4 a * + 6 * — 3 RE 


x* whoſe 


— 


greateſt common Diviſor with the propoſed Quantity, or which comes to 


the ſame, with the Remainder — 4 b x3 ＋ a bb ＋ 22 4 b * 


# 


—— 


o 


Sou 5 x . 5 ; 
Ka. * by . $ 
4 £ : * 
7 2 \ 6 ) — ** 
1 If $ ? . 32 2 EE, 
WE 8 * 1 > 
* 8 
4 Fa ; 
1 . & t N 
3 
* a4 
8 8 


mote A 332 * — e e PR NPs 38, . is, 1 common Di- 


viſor of the Quantities x3 — 4 4 ** 6 4 K —4 43, and — x3 


eb - 242 ＋ 243. Now, if thoſe two 


We ' one dimen- Diviſors involving three 'Letters and 'of one Di 


Quantities have a common Diviſor that not contain 5, it will alſo 
. be common to the two Parts — x3 +24 x* 2 4 xandb x —2abs 
2424 b of the laſt of - thoſe two Quantities; but the common Diviſor 
7 "fr thoſe Gno:Parth-cap poly be x«x—2ex +24", I try le if it 
Tcoaddade that it is the Diviſor ſought of the propoſed Quantity. B 

„ 
1 \Suppoſe:now that the ſed Quantity, involving three Letters hoſe | 
Method 2 rota required 4 — Diviſor, compoſed 8 4 of two Letters, or 
diviſors of if it has, that they have been found and ſet apart. Jo find afterwards the 
enſion, that it may con- 
dug chree tain, IL expreſs this Diviſor by mn x + n.a + pb, u, n, p denoting Num- 


+ letters. hers, I-now obſerve that if a, x, þ be put ſucceſſively S o in this Di- 
,_ .__.___ Viſor, there will reſult the three Quantities m x + pb, n a + p , 
| m + na; ſuch, that the two Terms that each of them contain is found 
xepeated in the two other Quantities. m:x A- 5, for Example, given by 
e * the Suppoſition of a o, is oompoſed of m x which is found. i in mx +ne 
ariſing from the Suppoſition of 3 2 o, and of ,p which is found in 
4 ＋ pd ariſing from the Suppoſition of æ = 0; I perceive at the ſame 
Time, that the Sum of theſe three Quantities m t NG, m4 ＋ b, 
ebe double of the Diviſor mx + na_+# 3. 
Now, as thoſe three Quantities are n Diviſors of thoſe to N 
| | the Propoſed Quantity is reduced by the ſame. Suppoſitions of a, x, b 
13 equal o, it follows that to find the Diviſors of this Quantity which are 
of one Dimenſion and involve three Letters, we muſt firſt ſet down 
e prongs y the three Quantities into which the propoſed one is transform- 
the Zuppoſition of a, æ, 5 = o, then ſet down beſide each of 
64g new ENTS. all its. Diviſors involving two Letters of one Di- 
5 3 This being done, we muſt ſelect three Diviſors out of thoſe 
_ » three Claſſes of Dirie nvelving two. Letters, having the Conditions 
© viſorscoukifts, wht oy nen ee — e Thoſe throes . 
being thus found, the Half of their Sum n . Diviſor of the pro- 
poſed Quantity, if it has one. 

If it be found neceſſary in order to have i in one of thoſe three Diviſors 
of two Letters, the two Terms which ſhould be the Repetition of thoſe 
_ that are in the two others, to change their Signs, it is eaſy to perceive. 

that this Change is admiſfable, ſince in general a Quantity that divides 
A ene e Wren 12 2 10 _ an I an TO 


2 * 


8PECIOUS ARITHMETICK. 


"To ſbey thy Applicatca of this Method, let it be propoſed to nd the CCC 
 Diviſors involving three Letters of the Qyan ntity : 5 4 „ ö 


2 ＋ 4 —3 27 ＋ 300 V 15 1 7 


10 4 — 643. . 54 — zx, 104 — 66 5 2 — 33 

2 e + 4 %% % | 2x — 3x JVC o 

ha nad e E WE 1g 
VVV 


. ſet . e Column the three Quantities 10 ab*—6843; „ Application 
2 x3 — ty bx' +4bbx—663;2x3 + nax* +5 0" x, into which going mes | . 
this Quantity is eee by the Suppoſition of x, a, # equal 0; a, aſe 
I ſet down in a ſecond e Colum Wet oppoſite each of theſe three © OT ME + *. ff, 
Quantities, their Diviſors of one Di 1 involving two Letters. 
The firſt N 10 2 —66; the ſecond only 2 x — 33, ; 
and the third 2 x + 54. I now perceive that if of the two Divifors Es 2 
5a—3b, 10a—66, the firſt 34 — 3 b be taken; it will have with Pig 
the two Diviſors 2 x — 36, 2 x + 5 a, the Conditions required. For A\ | 
this firſt Diviſor's a— 35 contains 5.4, which. is repeated in the Diviſor + 1 
2 x + 5 4, and — 36 which is repeated in 2 x — 35; likewiſe _ 
2 x. — 3 6 contains 2 x, which is repeated in 2 x + 8 4, and | 
— 3 Which is repeated in 5 4 — 3 6; ity, £2 eas 
compoſed of 2 x and of + 5a, which are repeated in,the two others 
5 4 — 33, 2x — 36, 1 therefore, according to the) foregoing Rule, 2 
add theſe three Diviſors- together, and there reſults 4 % — 6b + 1064) 
the one half of which 2 . 3 +5 @ is the Diviſor 3 e 7 | 
trying the Diviſion, I findfor Quotient x* ax +264 b, 


Lie: 
- Lex it be propoſed to find the v sf ne Dimenſion i 3 
three Letters, of the n „ | 1 9 


bag iel gl. 8b ee bg 425007 1 


9 bY ＋ 165 433 134 ＋ „ ; e 
8 * — 10 ⏑ο⏑ | 4 R 55, 8K 10 1 
bat dag? ge. 2 e | 1 555 4x—5b 


1 | 
tion of the 


Putting in this e x, as 3 e se =O, there reſi ults the three fo fore regoing 
Quantities 9 a* 5 + 15463, 8x*—10bx?, 8 x* —2ax3—30* x*, "other 
which I ſet down one under the other f in a ee Column. I ſet down . 


. 


8 : 
* ; # rb: 8 a 
LH % * 5 , N 
. * 2a l ; x 2 1 8 ' ; 
- I * ie 8 . bo 5 S 1 N F W 
5 _ K _ - 2 F of — ** 
N . ; 2 g N - hi a 1 3 8 F 
ol + . = e i 2 * 2 q * ' . N - 5 
$ TH.» ; « N p 3 9 25 * 
8 1 8 af 5 9 7 — Ns 
55 1 ig * 7; 4 8 . ” 7% * « 1 7 4 n 


- * 
%Y x © 
13 


volving Suppoſe, for 


two letters: 


Nen . n _ N Gs” 2 — = 
J ⁰ AA tr ²˙¹·Qꝛ 88 
© . 72 V IE * S N > 


in another vertical Column beſide each of theſe Quantities, their- Divi- 

ſors of one Dimenſion involving two Letters; thoſe of the firſt are 

> $3ga+5bandga +155; thoſe of the ſecond 4x — 5b, 8x — 1033 
and l thoſe of the third 4 x 3a and 2 x 4. 


It is now eaſy to perceive that the three Diviſors 33 ＋ 535, 4x —55, 
and 4 * 3a have the Conditions required, provided the Signs of the 
firſt be changed, that is, by ſetting it down thus — 34 — 533 I there- 
fore ſet apart thoſe three Diviſors in the fourth Column, I add them to- 
gether, and I take the one half of their Sum, which, gives 4x — 34-5 
for the Diviſor ſought, and trying the Diviſion, it ſucce: ds, giving for 
exact Quotient 2 x3 +a x* — 3463. OE. 
In thoſe two Examples the Diviſors of one Letter of each of the three 
The fore - Quantities of the grit Column were not ſet down, becauſe thoſe Di- 
me me” viſors could never be the Quantities into which the Diviſor involvi ä 


cod ap- | | e 1 
| plied for three Letters is transformed by the Suppoſition-of x, a, 5 equal o, an 


fading the beſides it bas been ſuppoſed that it has been found by the Method of | 
iviſors Art. XLVI. that the propoſed Quantity has no Diviſor involvi ng two "= 


_ Involvin 9 wy 8 . 8 
three let- ters, but if the propoſed Quantity has Diviſors of this Sort, they may 


2 s at the bę found at the ſame Time as thoſe ee e Letters, by the fore- 

ame tine CS i 81 Vettel » | 

as thoſe in- going Method, | ory they be but of one h 
Example, you are to find the Diviſors of the quantity 


16 * ＋ 16 — 48 4 + 35 4 16 6 + 3 456. 
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| Having ſet down ina firſt Column the three Quantities — 643 34 b, 
16 * + 163 K x, 16 * — 48a * + 35 4 x 6 into which this 
Quantity is transformed by the hy: 2: my of x a, 6 equal o; I ſet down 
in the ſecond Column, and in the firſt Line a, 3 a, —2 8 +5, — 64 +38 
Diviſors of one Dimenſion involving one and two Letters of the Quantity 
— 643 +3a*, likewiſe I ſet down in the ſecond Line the Diviſors 
*, 2 &, 4x, 8x, 16 K, x +b, 2x +2 b, 4x + 4b, 8& ＋ 8 6, 
16 x + 166, of the ſecond Quantity 16 & ＋ 16 6x x: and in the third 
Line, a — Ax, 3a—4 x, x — 2 a Diviſors of the third Quantity 
16 K — 48 44 * ＋ 35 6 © _ © ke 

No on account of the great Number of theſe Diviſors, in order to 


28 5 55 omit none of them that may have the Conditions required, 1 obſer ve 
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| firſt Diviſor of Order fiſt Line with all thoſe f the beer ks ghd pres 


form afterwards the ſame . for each of the other Diviſors of _ 
the ff Line, 1 perceive firſt s at if 4 is 'A Part of A Diviſor of the been! 


1 Quantity, it muſt be Diviſor containing only 4 and a, bee. 


cauſe if it contained another Term , this Diviſor could not be reduret py : | 


to a by the Suppoſition of x o. In this Caſe therefore we have = 2 
0 chüſe among the five firſt Diviſots æ, 2 4%, 4% B 1 Nee, nuts yt 
as among all thoſe Diviſors; only 4 xs repeated inthe third: (provide that 12 
mis 'Diviſor is affected with the Sign —55 and at we ſame Time of all 
the Diviſors of the third Line, . is only” the firſt a. 4 x'whichin> 
cludes the ſame Term à of the firſt Line. I conclude'that if a be a Part 
- of a Diviſor, this Diviſor muſt be a — 4; I therefore ſet it down'a 
e 1 afterwards paſs to 3 4, and as 1 find it repeated in the Diviſor 
2 A4 of the third Line, and that the other Term 4 * af the ſame 7 
bias is found among the Diviſors of the ſecond Line, after changing 
the Sg of this Diviſor ; I condude that 3 6 . 4 x may be ale Days 
the propoſed Quantity, and I ſet it apart likewiſe'in order 8 — 4 
1 2 4 J b it cannot alone be a Diviſor of the propoſed Quan 


| becauſe then among the Diviſors of 16 x3 + 165 x x the © Tate b ſhould Eo 
ced by the Suppoſition of 2 o. 18 N 


be found, to which — 2 2 J 5 is redue 
It remains therefore to try if it be not a. Part of a Divifor in which æ en- 


ters; I obſerve that of all the Diviſors of the ſecond Line; only x: es f 


can de compared with it, becauſe it is the only Diviſor that has the Term 
bin common with it. I pereeive likewiſe, that of all tlie Divifors of the | 
third Line only x — 24 can be compared with the ſame Diviſor — aa , __. 
. becauſe it is the only one that contains the Term — 2 4. ILobſerve, 97 
laſtly, that as the two Terms of the Diviſor — 4 ,. are repeated in aps 
the two other Diviſors-x-+ 5, x— 2 a, ſo likewiſe the two Terms n 
the Diviſor æ + b ate repeated in the two others. 2 4 ＋ b, x—2 a, 
and reciprocally that the two Terms of the Diviſor x —2 fare cepented>.. 
in the to others & I, — 2. a+6.*; Whence' I conclude that the three 
Diviſors —2 a , „ 6, x — 2:2, have the required Conditions to 
form a Diviſor, I therefore add them together, and ſet apart the one acc 
4 22 ＋ b of. their Sum for a Diviſor to be tried. As to the Divi- 
ſor 6 a ++ 30, Iperceive at once that neither of its two Terme . re 
ed W che ae of the other Lines, and Keen Tx ; ot | 
X'S 2" S168 73 36-1 . 
Having 3 e J 34 —4 1 1 . 
with which Trial is to be made, I oY, the Diviſion by the laſt, which ſuc-" 
ceeds, and gives for Quotient 3.44 . 16 a x + 16 K x, which I divide 
afterwards LE | -4 x. N he! ito ig likewiſe el and COR * 3 
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Method of Ak. the. propbled Quantity has ne Divithr of 0. PEI we are 
| finding the to Enquirer? it has not fome- adage Diviſor. wr Laa I 
due dien. y fru +54 erpreſs this Diviſor; parting fy vid 9 = o, 
ſions weng 2 0s nab + e Diviſors! =_ vg 6 1 5 5 1 75 Ty N 1 | 
ving t ree {4 2 i mx" Pp * 4 3 mx. 3 g 2 
We. | 3 * wa iwiſor HY bee ities into which the propoſ 80 
— is _ ormed b - ops Suppofitions of x, aß 5 equal O. More- 
over; each of thoſe: iviſors is ſuch, that the Terms affected with ſquate 
Betters are repeated in the two other Diviſors, whilſt the T erms,. that 
eontaih à Product of two Letters are alone of their Species. When, 
therefore, among the Diviſors of two Dimenſions, and involving two 
ws Letters of the (Wantities ta Which the propoſed e e reduced by 
| 4.5 ah Y Sk 8 Suppoſitions, three are found having ve-mentipned 
HEE (7 itions, by adding them together; and weve x, ba one half of all the 
Teri effected with Squares, and leaving that Os en- 
i ö 55 5 e . of two imenſſone to he iel will beobcained. 
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53 Kerben and firſt Column ths l 
r eee eee e 
| d Qgantity is transformed b ions of r, 9, ual o. 
F afterwards 2 881 deſide theſe Uuantities' their Diviſors of . Di- 
mennons the Hirſt gives % 45, 5% 37, 35, 3 5 3; the ſecond 
* A. 3% n ; the third ony & + a+. In this Method, the 
Diviſors conſiſting only of one Term are not to be rejected, even tho it 
has Been found. that the propoſed Quantity has no Divifor involving two 

"ters, beezufe a Diviſor conſiſting of three Terms and of two Dimen- 
Hons, oY. 1 to one e r rens one 'of the Eetters 


ne 184 22 
*; into which the 


Es 5 3 
4 * * 


hy os a ＋ 3 8; but at the ſame Time, I perceive that x x + a x 
cannot be a 
to xx by 


e firſt Line, and I perceive, 19. That 3 


ing that one alone which 18 
readier that «„ +@ x 
be tried. Fo or obſery} 


is repeated Arn + 53:4 AM 


15 eaſy to perceive that only 


1 remainipg Terms 1 in which it is not bend. 
: * — 34 3 — 8, 
"the common  Diviſor of the Terms e WT de s los 


| ſecond Line, and finding that the ſameDiviſor x* 


fin 7 7 x x yoo by e = 385 or e Went 88 en +3 
5 192 5 e e ho * 


— 
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2 It r remgins now t POT all the D Diyiſors of the firſt Lies 8 1 perceive, 
£7 10. That the firſt ⸗ is to be! rejt 21741 this Square is not repeated 
in the other Lines. 'I'paſs afterwards to 4 


5 contain any Term affected with 4 4 or with 3 4; I conchide that the Di- 
; 3 of which it might be a Part, cannot have, beſides this Term, any 


other but x Xx or d X, or b x, whereby the Compariſon of a with the 
- Diviſors * + 3 52, K + 6 being excluded, it follows that if a ö be. 
Part of a Divir of the propoſed Quantity, this Diviſor muſt 

A a 
Diviſor of the propoſed Quantity, ſince it would be reduced 
the Sup 
of the ſecond Line. Wherefore the Diviſor a 6 is likewiſe o be rejected. 


As tothe Diviſor , I find it repeated in . 1 tb; .of the 


mon with the Diviſor of the third leine, I conclude that & +. 
has the Conditions required. I after war pals, 
1 4 4 and 3 40 are to be re- 
_ Jetted, in like as * and. 4 53 I obſerve afterwards, that 3 5.6. 
is repeated in the Diviſor x*-+ 3 b* and Jerk in! x x 2 The 5 
conelude that x x + 35 5 + a x has alfo the Conditions ri 


| - Thong thoſe two Diviſors, I find that the ſecond e Be 8185 


* — 33. . * 
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bow for Quotient x3'— 5 41 + 
nſtead of trying all the Diyiſors of the firſt ige e wights. by 
contained | in the laſt Line, find 8 More 
+,b: and x* + a x + 38" are the qniy D vi 
ing that the Diviſor x* + @ x *contains x* which 
Fr x* + 37, and that thoſe two laſt contain; 
„ and f 
ſt 1 it 


the one 1 


of the is - to conclude that x* IT a x 5 b* and 


och 


ors * 4 . E iy 1 


II finds Letter i in the rop 0 {ed 


2 2 the Diviſors of this Quantity can contain 


eſt common Divifor of the Terms, in which that] 


14 


* ＋ 18 25 X; 9985 0 * — ac Bagcx +60? 


5 "x4—3ax3—8caxx+18a*x—8as, VIZ, xX-F20x—280, will divide he 


NAG quantity. - 
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and as this Piviſor does not 


poſition of a= o, and that xx is not one of the Diviſors | 


* in com-|. 80 
55 + 4.4 K 
to the other Diviſors, of 
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the other 455 . are each found among the Diviſors : 
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ay: is. on of « one 1 lai it is Caſe in 


which the 


0 ; whence there will be 2 leaſt one Diviſor that does . It, and — 
5  conſequentlyto find this, Diviſor Art. XLVI.) y 17 ſeek f or the 'great- eoheritban 


15 fo 0 d of the abe fore! 
T is, foun and the — 
Thus, in the; Quantity Bac fp ie 
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263 Ta 063 + A5, 245 +20*%6*) oy 
| 20653 —245, ab3—a3b, 2b3—242*, b3—a*b, 2 ——— 48. ene. — 
elbe, 2. ha, 4557, 244462) . ES 15 


255+ ee xd —at x3 +46? 46. px: eee. 


Is, l, ab, aba, l- La, bf | _ * e e 
| . 55, bb, ab, 2ah,bb— aa, 25.— 24, ba—aa, 1 " Ys „„ 
EE IA, bhb—ab, 534 ab, TY 48 12:4]! 5: 5 
1 H2baÞ2aa, 2bb—2ab, Garber . 
LL 2x53+b*x3 e pare Ab ai | „„ 1 2 1 1 451 
3 x5 + 3ax4—0"x * r a Tee, 4 71 15 18 5 5 9 ö | 0 4 E ; of + 3a x—as 
: 5 . Tit mn #251 5 33 12 + 33 "4 * > r * . e Lg? 
4137 1{> 201 87 FFT 3 289 3738-11 ” 3 r 
ps 1 4 1 a . fTH EAR "Ir : 1 | 
NES | » 44 * 8 a3 44,2 x5 1 32 15 nd 2 x Þ+ 3 a . 4 2 273 being the 
' _ Quantities to which the propoſed. one 1s FL; by the Suppoſition of 
„ 
*, 4, ; equal o, 5 each of theſe Quantities muſt be ran All 
the Diviſors they may admit of, as well of one Dimenſion as of two. 
As the firſt of thoſe three low the lane Ora of a 84 r in wow 


| Application Wi of the 1 0 Diviſors. 2 : 
On” - ſet down this firſt Quantity 2 4 34. 24233 * 1 „ A Lide 8 
. to the left Hand of it, I write down Unity, as being its firſt Diviſor; I 
for:@ding afterwards fet down 2 under 1, becauſe. it is after 1 the ſimpleſt Diviſor. 
aalen. that this Quantity will admit of, and I ſet down to the right Hand of the 
ſame Line 454 — a3 b*. I afterwards divide this Quantity by a, ard ſet 


. f li 
— 
"down a to the left Hand of the vertical . . down at = ſame” Time ts 


ities. 
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S$PECIOUS ARITHMETICK. 
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the right Hand the. Quotient 44 — 4 58. I nent multiply @ by 2, and- 


ſet down 2 à to the left Hand of a, as being a new. Diviſor of the pro- 
pu Quantity; I afterwards divide 44 — 4 6“ by ö, and ſet down the 


Diviſor 5 to the left Hand, and the Quotient 53 — 4 6 to the right. 


Laſtly, I multiply 5 by a, by 4, by 2 43 and ſet down to the left Hand 


of ö, the Products 2 , a b, 2 4 b, as being new; Diviſors of the propoſed 
j PLRIOLETTL. 40 | £4 „ 5 


Quanti . | 67... ß FI E235 i 1 | $ 
71 eee being reduced to 5 — a* 0, I divide it again 
by 6, which I ſet down to the left Hand, and the Quotient þ* — @* to. 
the right; I omit-multiplying b by 2, or by a, or by 2 a, becauſe there 
would reſult the Diviſors already found; but I multiply it by & and by 2 5, 
which produces the new Diviſors of two Dimenſions þ 4 and 25 5; if 
Diviſors of three Dimenſions were to be admitted, as may he neceſſary 


on other Occaſions, then 5 ſhould be likewiſe multiplied by 4 & and 2 a 6. 
After having reduced the Quantity to 5 þ — 4 4, I perceive that it is 
diviſible: by 5 — a, and the Quotient is 6 + 4; I therefore ſet down one 
to the left and the other to the right Hand, and I multiply & — 4 by 2, 


by a, by 2 4, by b, and by 2 5, which give for new. Diviſors, 25 — 2 a, 


5% 4a, h- 4, ö, 0, 2ba—20a, 255 200, And if Diviſors of 


M . 


admitting of no Diviſor, I ſet-it down to the left Hand, and I multiply 
it by 2, by a, by b, by 2 5, 2 a, 6 — a, 256 2 a, which give for 
new Diviſors of one and two Dimenſions, 2b ＋ 2 4, b a + à a, 
2 ba ＋ 2 4, S4, 26 + 24 b, bb — aa, 25 — 24 4. If 


b— 4 by ab, 2 4 6, 4 5 B, 2 4 b 6. eden remaining. þ + a 


Diviſors of three, four, five Dimenſions, that is, all the Diviſors that 


the propoſed Quantity can admit of were required, I would have alſo 


multiplied 5 ＋ 4 by 4 b, 2 4 5, 5 b, 26 5, abb, 2.4bb, ba—aa, 
26 4 — 2 4 a4, 55 — 45, 253 - 24 3, abb — 4b, 2abb— 2 a* oY 


b3 — ab*,z:2b3 — 2 ab*, a 33 —- a* b*, 2433 — 2 a? 5 '% 


7 . 


This being done, I ſet down all the Diviſors of one and two Dimen- 
ſions, a, 2 a, b, 2b, b—a, 2b - 2 a, b + a, 2b + 2a, ab, 2 ab, 


eb—aa 2b 4 — 2 4a, b*—ab,2b* — 24 b, ba+aa,ziba+ 28a, 


5 +b 4, 233 + 22 3, beſide: the Quantity 2 4 54 — 2 a3 b* which 


produced them. I aſterwards ſet down beſide the Quantity a x5 + b* x3 


its Diviſors of one and two Dimenſions x, 2 & * x x + bb, and beſide 
the Quantity 2 x5 + 3ax4—a* & its Diviſors of one and two Di- 
menſions x, x*% 2x3 EZ VJ... 
Nov, trying all thoſe Diviſors to diſcover thoſe that are to be rejected, 
1 ſoon perceive that all thoſe of one Dimenſion are of this Sort; for x 
being the only. Quantity of one Dimenſion in the ſecond and third Lines, 


J conclude; that it muſt be the only Diviſor of one Dimenſion that the 
propoſed Quantity can admit of; ſince if the Diviſor of one Dimenſion 
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included either a Term affected with a, or one affected with i, the Term 

affected with a, would remain in the Diviſors given by the Suppoſition of 

þ So, and the one affected with ö would remain in the Diviſors given 

By the Suppoſition of a 2 0; hut & is not a Diviſor of the propoſed 
Quantity, conſequently it has no Diviſor of one Dimenſo. 

I paſs next to che Diviſors of two Dimenſions, beginning by x* which 

I take in the third Line; finding it alſo in the ſecond Line, I conclude 
0 that if it makes a Part of a Diviſor, it can only want a Term affected with 

the Rectangle 4353 in effet if there were Terms in this Diviſor affected 

with aa, with bb, with ax, or with & x, thoſe affected with bb or with 5K 

would not have diſappeared by the Suppoſition of a o; and: thoſe 

affected with 2 2, or with ax, would not have vaniſſied by the Suppo- 

xx+eb, 4K * + 25, * - 426, «- 22 b, are the Diviſors to be 

Ff)“, m/ dd m di ĩ Jr tom 

I afterwards paſs to the Diviſor 2x* ＋ 3a — aa, and I find the Term 

2x* repeated in the Diviſor à2 & X 33 above it, as likewiſe the Term 

Daa repeated in ſeveral Diviſors that are in the upper Lines; but of 

all the Diviſors in which it is repeated: there is only 13 — aa, which has 

the Term bb common with the Diviſor 2xx + . Whence ite is only 
with 2xx + bb, and 66.— aa, that 2x* 4 3ax — az can concur to form 
a Diviſor that will have the Conditions required, and this Diviſor which 


— 


is 2 + 3ax — a +6 is conſequently to be tried. Wall 
I percetve thatit is uſeleſs to ſeek for another-Diviſor, becauſe if there 
could be found one that could not be diſcovered by trying the Diviſors of 


—— 


the third Line, it would conſiſt of one Term affe ed with 23: Now it is 
eaſy to perceive that the propoſed Quantity admnits/ of no Diviſor of this 
kind. I therefore attempt the Piviſion by 2x*\+ gaz — 2 4b, which 

ſucceds, and gives for Quotient x3 ＋ 2213, whereby it appears that none 
of the Quantities æ x + ab, x x- ab, xx I Lab, x x - 2a can divide 
JWTTTTTTTTTTTTTTTTT Tat 

lf the propoſed Quantity is of more than five Dimenſions, and having 

found that it has no Diviſor of one or of two Dimenſions, then we are 

to enquire by a ſimilar Preceſs if lit has not ſome Diviſor of three or four 
J PVVTVVVJVJVCCVVC . 0 7 #1 1 
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How the When the propoſed Quantity is not homogeneous, that is, when all its 


diviſors of Terms are not of the ſame Dimenſions, it is tolbe rendered homogeneous 
emen by means of a new Letter, and the Diviſors of this new Quantity: being 
homogene- found by the preceding Rules, the new Letter introduced is to be exter- 
found. minated by putting 2 to Unit, and by this Means the Diviſors re- 

gquired of the propoſed: antity wittte obtained. Suppoſe, for Example, 
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from the ſaid former Value of. y, and from thence will ariſe a new Value 
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SPECIOUS ARITHMETICK. 
to be yõ +395 — by? , + by e =-; I multiply the Term 


5 oper e thefts 1x 1 depo from, For the leone Reajon: : multi- 
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Toi gad we 3 Roots. of er every Degree, Method of 
19, Subſtitute ſucceſſively in the ropoſed Eg uation 1, 2, 3 we e in place r i 
of the unknown Quantity „until the Gs that refults er each Sub- roots of 
ſtitution changes its Sign, then the Root . will be a poſitive Number numeral 
greater than that which immediately precedes the Change of the Sign of een 
the Reſult, and beſs than that where this Change happens. one un- 

20. Inſtead of putting the firſt Member of the Equation equal o, put known 
it ; then find the limiting Ratio of the cotemporary Increments of PR 
y and ⁊z, and let it be expreſſes by A. - Subſtitute the Value of 5, eſtimated 
pretty near the Truth by the foregoing Method, in the Equ Fon, as alſo 
in the Value of A, and let the Error or refulting Number in the former, 


be divided by this numerical Value of A, and the Quotient be ſubtraQed 


of that Quantity much nearer to the truth than the former, wherewitn 
proceeding as before, another new value may be _ and ſo . Kc. 
dil! we arrive ee Degree of Accuracy. deſired.” 


LX. 1 
\betirbe mropoſed finda Valueof y in the une. Fo 293 - — - 359 f 
1 * 116 = S 61 | Application —Y 3 
| 3 — CS 35 * Br i Shy foxe · | | 
13 W {a 5 — a = —I 44 3 $9128 me- 
OT 16 +16 — 144 + 10 — I16 = —218 88 
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81 + 54 — 324 + 15 — 116 =—— 290 
256 +128 —- 576 + 20 — 116 =— 288 
625 + 50— 900 + 25 — 116 — 116 
255 1435 — 1296 + 30 — 116 34 
Wpepee 1 that one of the Values of y will-be greater. than 55 
| but leſs than 6. Let it be fuppoſed to be 5, 5, to find a more approximate 
Value of it, I inveſtigate the limiting Ratio of the cotemporary Increments 
dy and d of y and z in the Equation. 44 F 2y3 — 36y uy 5 — 116 =2z, 
which I find to be 453 + 27 — 725 + 5, then becauſe 


bane Ln a., Nee LE I (abſt; ; 
y— "OTITIS ſub! itute in the firſt Mem 
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4.93 | 
ber oF this Equation, . in Place 0 55 its Nee 555 already found, whence 


we have 3.5.— 8 . 1 — 8 340 for a new Value of Js with which pro- 
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the fore · 
going me- 
thod to an- 
other ex- 


N 


When 
there are 
two equa- 
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ore the next Value of y will 855 be 3.3384. and 

from th nce the third me 1 of + e "wich + in true . = 

n e Diet an ant „ - 7 A I 

L 57 * 9 25) E 1 7. ee propoſed. 

one * the Values of y in this Equation will be nearly o, 5. To find a more 

approximate Value of it, I inveſtigate the limiting Ratio of the 

cotemporary Increments d y and d of y and x in the Equation | 
"Sa 4 + * u . ee 39%). — 2/= 2, Which I find 
to be — 2 6 Th _ 2 ws TON hegte ve have 

- 0,5 + 220k — = 0,5 57 1 the next Value of y, from whence by proceed 


logs betore, the next following will be found bc &c, 8 TT 
OLETIH, 1% F 
When thee. are two Equations given, and as y Quantities (s ns 5 
to be determined, find the Equation — the limiting Ratio of the 
cotemporary Increments dæ and dy of & and y in both Equations, and in 
the former collect all the Terms, affected with dx, under their proper Signs, 


Hm given, and having divided by dx put the Quotient = A4, and let the remaining 


many 
Quantities | 


& and y 
how to 


determine 


_ thoſe 


Quantities. 


Terms, divided, by 4 be repreſented by B: in like Manner, having divided 
the Terms i in the latter affected with d x, by d x, let the Quotient be put 
= a, and the Reſt: divided by d = cop =. - Aſſume the Values of x and 

retty near the Truth, and ſubftitute-in both the Equations, _—_ the 
8 in each, and let theſe Errors, whether poſitive or negative, be ſigni- 
fied by A and-r; veſpattivelys ſubſtitute likewiſe-in the Values of A, B, a, b, 


and let 1 and 2 be converted into Numbers, and reſpectively 


added to the: former Values: of & andy, and thereby new Values. of thoſe 
Quantities will be obtained; from whence, by gh 7 the Operation, the 


Applics- 


tion of the 


foregoing 
method to 
an ex 


| _ ample. 


true Values wy: be approximated ad Ln 
11, 12 6 17 
Let there 2G, the ee — 5 3-H: Rt xx) — — 10 = = 0, and | 


ae (33+ x)—12'= o; to find x andy. 
The Equations expreſſing the Relation of the cotemporary 1 


ds, and'd Js of 5 and 3 e here Le, * 5 — £s: S or and 
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$PRECIOUS ARITHMETICK. 


_ Lt 3 + be ſuppoſed caual.5, and y=6 ; then will 1 equal .6n; 
=— 6, ws 230 — 1.5, 13 e 1. I, 5 equal 93 jg 

By — n — A r 
fore —— pi 7 2 239 and 777 - Z 37, and the new Values 


of „ and y 1 to 5. 23, and 6.37 reſpeQively ; ; the next Values will 
come out 1 0 end 6, 36898. 


LXIV, : 
Ln 49 X = 1225 579 8 ed 21 0815 ns 
e ee been EE: 
ALequsl 49 & (1 AN. 5 ns 2. . 
1 5 OH T TE. 
02/4 5 „ 2 * . 
1 FR TEE eee 
+49 * 2 . | DES 
\Suppole x = 8, and y =. 6 then will be fan Roms ts ati I a 
4 68, B 20, 7, 2 131, 6 146, and the next Values of . 


x and y equal to, 799, and, 58a, with which 5 e e the n, 
ae next olloving will < come out, 7991 2 and 5581 8 
. 
When an Equation contains two unknown Quantities x and , and 
it is propoſed to expreſs the Root y in a Series of Terms including the 
Quantity x with the other known Quantities; to find the Value of 5 | 
in ſuch a converging Series, it is neceſſary to conſider x either 19. as very Fundimes- 
- ſmall, or 20 as very great, or 39. as differing very little from ſome given 5 8 . 
Quantity ; that fo by ſuppoſing x. to be very ſmall the _ may con- thed Pur HE 
verge wherein the Root y is expreſſed by a Progreffion of Terms, in ries. | 
which the Dimenſions of æ increaſe in the Numerators, ab by ſuppoſing 
x to be very great that Series may converge, in which the Dimenſions f 
* continually increaſe in the Denominators of the Terms, or. that 30 by . - 
ſuppoſing x to differ but very little from ſome given Quantity, ſome 
Letter as z being ſubſtituted for that Difference, it 1 come in the 
Place of x conſidered as very ſmall. | 
THEE: 2 5 5 
Thus if the Equation to be reſolved was x 3 a 5 — a & 2 0, 
5 if x be conſidered as very little, the Value of _ exhibited 
in a Series having its Terms compoſed of the 2 of x di- 
vided by thoſe of 4 with their reſpective Coeficienta. Since 


J)) 


hen x is very little in reſpect 7 a, the Terms „„ 5 » 


— 


ELEMENTS on. 


_ 2 86 ; Geteale very qui vicky. 5 * Selig. in ra, of 2 we 
n Term will vaniſh. in reſpe.of the fir, Gace © — 1c. = *; a, on 


alter the fame Manier vaniſhes in eſpe of the Term immmedi- 


ately preceding R e 
But if x be conſidered a as very great, the Value of may be exhibited 
in a;Series: whoſe Terms are compoſed. of the Powers of a divided by 


NT | thoſe of x with their reſpeQive Coeficients, ſince 2 x is Fa great 
la 5 in teſpe& of a, dena is very great i in reſpe of = _ and © — ＋ in relpett 


= 2:6 ihat dhe Te erm a, 25 = hu „ = $5} in n this 85 decreaſe 


very. ſwiftly ; in either, Caſe, the Series conver ſwiftly that: conſiſt of 
ſuch 'Verms$ and 4 few of the-firſt Terms will ive a near Value of the 
Root required. Y 
Divides of _ Whence it appears that the Roots of K uations involving two unknown 
Diviboy of Quantities may be exhibited b two ook of Series, whereof one con- 
eſcending verges ſo much ſooner as the Quantit#i4t bontains is leſs, andthe 
and deſcead- other cotwerges ſo much Son ar ch unknown Quantity is greater. In 
* . the Terms of the: former, which are called aſcending Series the Expo- 
| © .._nents of the unknown Quantity continually. increaſe, but continually de- 
creaſe in the Terms of the latter... 1 = 


Wake SIE: 


1 2 -4 bw 7 


. ) winner | 25002 20,1593 02.0 

An Equati- Do! tartatne: che Gr Ber: of the Beide; exhibiting. 2 Malen of 
dere an unknown Quarity, in an Equation that involves two unknown Quan- 
n e e 5 = © $a th the'Analy = 
with ole ume together” ms oft the Equatidn as w to · be- 
— Zomm e'vaſtly gixater thun tñe other Terms, that is, which give à Value 
: ppoſes' of y of y vieh ob ed for ĩtiin all the Terms of the Equation, ſhall raiſe the 
| indefinitely Er Terms alt above or ee the Dimenſions oy 
treat or in- the aſſum̃ed Te 3 N to be Aa A vat or | 
0 ee e Terms i FROG 3 tn e 3 

R. of x or of y being indefinitely great or indefinitely little, will render 
greatet vaſtly greater than the other Terms: I obſerve firſt, that one Term of 
erm of aa the? Equation cannot be ſup 1 vaſtly greater than aſl the reſt, ſor all 
9 the other Terms would vaniſh in reſpect of itz and this Term then alone 
don. Would be equal to nothing, Which is abſurd; The greateſt Terms there- 
. fore 'of an Equation ate at leaſt two ir Number, but there is vo Reaſon 


to 
* 4 x. £% - . 

| : y GN, *5, N ein * ; 8 5 4 LS es as Bk 2 * * 
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8 5 reo ARETHAE TICK. 


hy any. two Terme may not be ſuppoſed the greateſt of the denken, 


&fs the * Conſequences ariſing from this Le gy Sling. the: Suppo . 
5 itſelf. 49 85 


Thus in the propoſed Equation 4. 5. f 47 x =0,, x being -can- 
Pane indifinitely great, if ** y and @ 2” ' be oppo, to. be the ; great- ER | 
eſt, Terms of the Equation, ben h So, f = 4 and A tre- Wb 


tr 432 


che tho 
Uviding rea 1 which ſubliizuted, for es the, Equation be. + II 
x* a 


comes ys — ee) 4 o, where the aſſumed Terms x" v are 


of more Dinenſom than the other 42 4, and conſequently may be by: : 
poſed to be the greateſt Terms of the Equation. 

If. 2 5 and — 4 „ be ſuppoſed to be the greateſt 1 of the Equa- 
tion, then K* y—a* x =o, which by tranſpoſing and 2 — by 2 gives 


L == » which ſubſtituted for , then a* x + — — a? oa ONT 


where the: aſſumed Terms 2 5„ — 4 are of ons Dimenſions 
than sy, and confequently may be ſuppoſed to be the greateſt Terme 
of the Equation, = 


Finally; i if 429 and Tak x be ſuppoſed to 1 the greateſt Terms of 


* 


the Equation, then 427 —4 4 x o, wherefors y 1 7 e * 


Which ſubſtituted foo 7. 7; the | . *„ 44 
where the aſſumed Terms are of. les — N 85 other & , 
and contequently” cannot be e to be the e Terms of the 
Equation. 7 1's 

x being ſuppoſed indiffvjtely N and — of x, be ſuppoſed to 
be the 182 Terms of the Equation, then oye" 2= which gives 
= 3 2 which-- e pr oh for , the n bee t 


A 


PC 1 
| Equain: decomes 5 — E doo * 


are of more Piet Aen. e 6-6 and conſequently -camtot ve-fop- 
poſed to be the greateſt Terms of the Equationn. 
It * 27 and —a — be. ſuppoſed to be the greateſt. Terms of.. the-Equa-| | 


tion, then * == which ſubſtituted for . ane Equation becgmes, 
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4 where the aFumed Terme x*y and -u are of 


more Dirncaſioos than ay*, conſequently cannot be ſuppos'd to be the great - 
eſt Terms of the Equation; z whence it appears that when x is ſuppoſed in- 
definitely great, the propoſed Equation pt -, 1 is reduced to 
the two following ones x*y--ay*=o, or x*+ay=0o, and x*y —a*x=0, or 
| 8 and when x is ſuppoſed indifinitely lttle, it is reduced te 
. o, or * - ο 1 
»! i 

* eaſy i in an Equation confiding only of thess wee would 
be very laborious if a more complex Equation was propoſed, the Num- 
ber of Terms occaſioning a vaſt Number of Trials for the moſt Part 
unſucceſsful. How the Analyſts have remedied this rata we 
aſl EE Ph Po to OS | 5 


X 6 * 
5 4 
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Let B A and 4 c be drawn at Right Angles to each other, and let 
them be divided into equal Parts, and from the Points of Diviſion let 
Lines be drawn meeting each other at Right Angles, which will form ſo 
many equal Squares as in the Figure; in theſe Squares place the Powers 

2 x from A towards C, and the Powers of y from A towards B, and in 

other Square place that Power of y that is directiy below it in the 
12 A B, ſo that the Index of y in any Square may expreſs its Diſtance 
from the Line 4 C, and the Indek of in any NIE RY 
| De: "Pp * . VV | 
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SPECIOUS ARITHMETIC. —& at 


Of this Figure or Triangle we are to obſerve, that being placed upon 

time Side A B, when x is ſuppoſed indefinitely great, or indefinitely little, 

(and on the Side A C when y is ſuppoſed indefinitely great or indefinitely 

_ little) of all the Terms in the ſame vertical Column, that only can be 

conſidered as one of the greateſt Terms of the Equation, which is placed 

in the higheſt Square of this'Column, when x is ſuppoſed indefinitely great, 222 

or that which is placed in the loweſt Square of this Column, when £8 ek 

fuppoſed indefinitely little; for y having the ſame Exponent in all the FW 

Terms in the ſame Column, their Subordination entirely depends on 

the Exponent of x ; wherefore x being ſuppoſed indefinitely great, the 
eateſt Term in the Column is that in which & has the greateſt Expo- 

nent, which is placed in the higheſt Square of this Column, and x be- 

ing ſuppoſed indefinitely little, the greateſt 'Term in the Column is that 

in which x has the leaſt Exponent, or which is placed in the loweſſ 

Square of this Column. 5 „ 

5 LN: | 


The foregoing Obſervation, as is eaſy to perceive, ſerves to diminiſh 

the Number of Compariſons requiſite to be made, for diſcovering the 
greateſt Terms of an Equation, but in order to avoid every uſeleſs Com- 
pariſon, we are further to obſerve, that if every where for y, be ſubſti- \ 
tuted the Value expreſſed in the Powers of x, that ariſes for it, by ſup- _ \ 
poſing any two Terms of the Equatien equal, the Dimenſions of & in all 
the 'Terms that are found in the ſame ſtraight Line will be equal, 
but. the Dimenſions of x in the Terms above that Line will be greater The ebe 
than in thoſe in that Line, and the Dimenſions of x in the Terms below neat of the 
the ſaid Line will be leſs than its Dimenſions in that Line. - ' _ 2 _— 5 


Thus if the two Terms x* and æ& y* be ſuppoſed equal, we find a 
„- and. = = 94 ſubſtituting this Value for y in all 2g 


the Squares, the Dimenſions of x in the Terms, x* yt, & 56, x* y*, &c. . 4 5 
which are found in the ſame ſtraight Line with x* and & y% will be 2, | 
but the Dimenſions of x in all the Terms above that Line will be more than 
2, and in all the Terms below that Line will be leſs than 2. For Exam- 
ple, ſubſtituting. the foregoing Value of y in the Term x* y*, which is 
above the Line, it will be transformed into 5 *, whoſe exponent exceeds 
2, and if it be ſubſtituted in the Term & y below the Line, this Term 
will be transformed into x * * * whoſe. Exponent is-lefs than 2. 1 
N „ 38> WE + 42 . 185 
FThe foregoing Property of the Analytick Triangie is founded upon this 
Principle, that the 5 — whoſe Centers are 2 neon ee 
Terms in which the 3 of & and y are in Arithmetical Progreſ- 
ſion: which is manifeſt with reſpe& to the Terms in the vertical Co- 
lumn AC, or horoſontal Line A B, and their Parallels, in the Terms of 
the ſame Column the Expenents of y are the ſame, and theſe.of x forme 


Py 5 


* 4 * * * — . 
E p r 9 Wann, Ene 
8 W ** ” 
(op? * 14 
2 $4 


_ u Tr 0 1 
1 T | bh Frogtreſſion 1, 2, 3. 45 ec. in * Terms .apon. -the 
fame Line, the * of. & are the ſame, and thoſe. of y form the 
Arithmetical Progreſſion 1 a, 3, 4, Kc. As to the Terme taken in 
any oblique ſtraight Line, let us ſuppoſe. that this ſtrai 70 Line Parting 

3 the Center of a Square, traverſes- & Lines and I Columns before it 
i paſſes through the Center of another Square, it is manifeſt, that ſince 
n the Squares. are ranged uniformly, it muſt traverſe 4 Lines and / Co- 

 propetty of lumns before it paſſes thro the; Center of a third Square, and as many more 
* * before it can attain the fourth, and ſo on. Wherefore, ſince the Expo- 
VE nent of x is increaſed by Unity in aſcending a Line, and the. Exponent of 
' 3 is increaſed by Unity in traverſing. a . from right to left, if the 


„ Term Places in the firſt Square be 2520 1 ti placed i in the ſecond will 
| Ne 47 7 Fr „ that in the third - 5 „ and ſo on, in which 
the Exponents of æ form an Arithmetical Progreſſion, m, ate &c. 
and thoſe of 7 the 2 ron ny n Ehn+21, des. . | 
| 3 eee e 5 
| Jet „ r 241 TY EY aun 
e e e * 5 a Mot ant no cnn fe ah 
which the Exponents both of * and of. yare in Arithroetical Progreſſion 
whoſe Differences are ; and, thoſe Terms are placed in Squares whoſe 
Centers are under à Ruler traverſing at the ſame Time æ Lines and / 
Columns, which nes: the Inclination ok, this Ruler to the Sides of 
gl the Triangle. 2-4 
| For the Inclinution of the Ruler. todhebides of the T riangle, add 
: — ch Ratio of & to 7 depend entirely of each other; ſince ꝶ and / are the 
ee Number of Lines and the Number of Columns which the Ruler at the 
thoſe progref ſame Time traverſes. If 4 ſurpaſſes I, the Ruler is more inclined to the 
fGons depend Columns than to the Lines, and cuts off a greaten Portion of the Side 
atis 4 Cof the Triangle, than of the Side JB. In general; ſince the Ruler 


nation of 


the ruler to traverſes # Lines in rr rx a rs fe it will p from Column to 
8 © 


the rinngle, Column a Number of Lines expreſſed by 7 7 Whelhet A denotes an Inte- 
ger or a Fraction, if the Ruler traverſes: two Golutmns in. traverſing 
| one Line, ie wal traverſe but Half: a Line in eee Column. - 
8 1 os "L 'BXX11HL. If; 1% (4331 ne 140 16 1 
Tbe term Thee ic on the Sarfare;of: the Analitic ee den 
Which are 4 two parallel ſtraight Lines, and conſequently inclined as much one as the 


e e other to the Lines aud Columns, the Squares whoſe: Centers thoſe 


lines bave ſtraight Lines traverſe, contain! Terms in which the-Exponents of * and 
eee are in Arithmetical Progreſſion, which in both one und the other 
Lichmerical (ral ght Line have the ſatmie Difference. Thoſe under the firſt raight 

an 9 7 m+ 2b te F 
Line beings for Example, e e, BOY ea tk ho „ &c. thole' 


3 5 


srrelous ARITHMETICE. e 


CY 2 en. 24 ee 2431+ . baving the 


oder the econd may be expreſſed by x. A , , my *s "ol 1 . 52 


Converſely, if. two Series of "Terms be aſſumed as x „„ Hb ac. 


15 "je: aut „ t 40 1% 3 1 


— 


„ „ Ge. and x jy * 7 „ 6. in each 
75 which the: Exponents of x and y are in ee e Progreſſion, hav- 
ing the ſame common Difference, the ſtraight Lines which paſs through  _ 
the! Centers of the Cells of thoſe two Series of Terms will be parallel. FA 
LXXIV. | 
4 Such being the Diſpoſition of the Terms in the analytick Triangle, 8 
any two Terms be ſuppoſed equal, and a Ruler be 8 to the Centers of terme chat 
the Cells of thoſe two Terms. I ſay, that if in all the Terms placed in De inthe. 
the Cells through whoſe Centers the Ruler paſſes, be ſuſtituted for y, ſmh" op 
the Value that ariſes: for it from the foregoing SUP Ron _ Di- the-ſame-or-" 
menſions of In thoſe Terms will be all equal. e 
For as their E are in Arithmetical Progreflion, they may bes re: poled to 117 
1 mk 2 * 2141 12421 4421 2+ 37 of the ans 
met ls Series e 75 „„ OY. , STM en 
STA 1 5 2184 127864 ; 
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„ * de. Now let 1 two of them as 
*Y 1% a 1 : ? 
1 e be ſuppoſed equal then = SITE Lo . 
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int gh „ 
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' fa” 77 FP”: | 7 ho 


„* 7 VV e Ns i nanny 
hence the e ee of x, in all the Terms under the | Ruler 1 ne 


m = mÞk «+l 2121 127 i 
5 9 os # a . reſulting from the Multiplication 


„„ . 3 34 31 


34 34. „ „ 


of x J into 1, x 99 & „ „ „ 3 » &c.ism—nk: l, and the Di- 


ts Wo 11 
wenden of x in the Terms x , „ which are all 
found in the ſame ſtraight Line oaraltelto the Ruler will be p — 7 t: 1. 
E 


The Nimenſion of x in all the Terms that are nad the Ruler may Ratio ofthe 
be alſo found by examining where the Ruler cuts the firſt Column. If "om 2 f 


it paſſes through the Center of ſome Cell of this Column, it is manifeſt, mined quan 


der, iftwoof 


— or 1 = $4 conſequently x 4. = MF = de 8 


that the Exponent of x in the Term placed in this Cell will repreſent ties in this | 


| the Dime nf ns of & in all the Terms under the Wan and * the Ru- 


pt. 


4 
9 
uu 


„ 


„ nr OF 


ler paſſes between. the Centers of two Cells, the Point 9 which 

it paſſes will ſtill ſerve to determine the Dimenſions of x in thoſe 
Terms, whoſe Exponent i in this Caſe is a Fraction. We are to cenceive 

this Column, and in general each Column, as a ſtraight Line divided into 

equal Parts by the Centers of the Cells; the Terms x, x*, *, &c. 
- whoſe Exponents are 495 wie placed in the Points of Diviſion, and the 
| in 1+3t4- 

Terms, as x » x = c. whoſe Exponents are Frac- 

tions or mixed Numbers, placed in the Points which divides the Tnter- 
1 Foals between the Centers in the ſame Ratio, as Unity is divided by the 
9 FraQtion, which _ or concurs to form the Exponent of K. = 


| | 25 = we are to conceive x placed precicely in the Middle betweeen x 


14173 
| — or 1, and en, and x placed in the firſt Point of the Subdiviſion 
+. of the Interval between & and x* into three equal Parts, 9 


| if the Ruler paſſes, for Example, between the Centers of x* and of 

**, but three Times nearer the firſt than the laſt, that is, through the 

2 | 

Point whey x TY : 5 is conciived to be placed, we are to conclude 
that the 8 of x in all the Terms under the Ruler is 2 2. 

Ihe Exponent of the Dimenſions of x in the Terms under the Ruler is 

negative when it cuts the firſt Column produced below the firſt Line, which 


4 
| happens when m < n & : Lorp<gqt: 21, that ia, when 1 = or , 
f Theterms then the Exponent m—n&:/orp—gqk: I is negative. In this Caſe, 
yrs this the firſt Column is to be conceived as a ſtraight Line produced below the 


c! oh Point, and divided into Parts equal to thoſe that are above the Point, 
perior 


wn w=% - _— 
der: thote and the Terms whoſe Exponents are * as x 3X „ X 5 &c. 


chat are be- 1 ack in the Points of Diviſion. 
low it of an 


| LXEVI. 
e Since therefore of two parallel ſtraight Lines drawn on the Surface of 
8 8 the analytick Triangle, that which is above the other cuts the firſt Co- 
lumn in a higher Point, the Terms in this Line are all of higher Di- 
menſions of x than thoſe in the Line below it. Thus the Ruler paſſing 
4 = = mÞk 285 TIS zl 

through the Terms x . Cs » &c. which are 
all of m—n&:1] Dimenſions of x. "Any other Term is of higher or 
lower Dimenſions of x, according as it is placed in a Cell whoſe Center 

is above or below tbe Ruler. 


LXXVII. 
| This | is the Principles which determines the Compariſons to be made 
for finding the greateſt Terms of an Equation. When x is ſuppoſed 


en meer 3 37" IR 2 
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a Se ä 
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= Ling 6 more” Dimeinſſions af PthanthoſeLthrongly which the Ruler 
. paſſes, it would therefore beindefitiit — than thoſe ich were 
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SPECIOUS ARITHMETICK. © 2a 
indefinitely great, it is manifeſt that it is uſeleſs to conſider two Terms aa 


eing the greateſt of the eee if the Ruler, applied to the Cen- 
ers-of their Off exit above them any totheriTerm;:for this: Term 


ſuppoſed to be the greateſt, which is abſu 

When x is ſuppoſed indefinitely little, it is uſeleſs to ſuppoſe any two 
Terms to be the moons of the b ik the Ruler, applied to the 
Centers of their Cells leaves below them any Term of the Equation, 
for this Term being of lower Dimenſions of x than thoſe through which 
the Ruler, paſſes, it would be indefinitely greater than thoſe which were 
ſuppoſed to be the greateſt, which is abſurd. SR 

i : GED + 4.075 Cratng | | 4 

Whence is deduced the following Rule, for diſcovering what Terms 


* 


ought to be aſſumed from an Equation in order to give a Value for x, © 
or y, which ſhall make the other Terms, all of higher, or all of lower 


form « Triangle with Points diſpoſed in Quincunx, then change into a 


fame Operation _ furniſh ſevera 
. þ ; UF "> '$ Þ Ba 22 a, +4 _—_ | - 
In a ſtraight Line, ſo that the other Terms He all bové the firaight 
Line, chis ftraight Line or thoſe Wai 
ral of them, are called by the Ana 


Dimenſions of x and y, as the Terms in the Equation. Or a Triangle ii 


they determine the greateſt Terms of the on, deing thoſe Which 


8 * 
* 
3 


Dimenſions of x or of y, than the aſſumed Terms. 


After having traced the analytic Triangle, range each T erm of the gal, 121 
Equation in its proper Cell, or what in Practice is more commodious, ed fem the 


Aſteriſk each Point that repreſents a Square, which contains the ſames . 
5 teat WES 


may be conſtructed of Wood or of Ivory, pierced with ſmall Holes and f teat of 
ranged at equal Diſtances, and parallel tothe Sides of the Triangle, tles. 


5 and the Holes which repreſent the Cells in which the Terms of. the ; 


Equation are placed, may be ſtopped with Pegaa . 
Then the Triangle being couched on the Line without x, if x be 


_ ſuppoſed indefinitely great or indefinitely ſmall, or on the Line without 


, if y be ſuppoſed indefinitely great or indefinitely (mall; aſſume when 


the variable Quantity is ſuppoſed indefinitely great, ſuch Terms as lie 


in a ſtraight Line, fo that the other Terms fall all below the firaight 

Line. This ſtraight Line which thus determines the greateſt Terms of 

the Equation, is called by the Anas, . Superior Determinator. The 
of them. f 


But if x or y be ſuppoſed indefinitely nttle, aſſume ſuch Terme as lie 


ht Lines, for there may be; feve- 
5 Inferior Deteriimatorry becauſe 


are placed in the Cells throogh whoſeCenters they pas - 
J CES ad Ee. 4 ww SET IN 2425 > * "TO 
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ech the Triangle with Points, : 
which repreſent 


» 1 ' I # "= - \ I q 1 H 
* — . — a T : * 3 * - 


hat there are only three Determinators, A B, B c, Cd, of which, when 
Triangle is couched: on the Line without x, two AB, 4 C, are 
ſuperior, and one inferior B G; but when the Triangle is couched on 
the Line without y, ihe Determinator AB is a ſuperior one, and 4 C and 
. B-C are inferior ones. : > = | = Tae . . FH 
"+ BUS Determinator 4 B gives the Equation. xy + 2% o, or 

- #x + @ o, the Determinator A C gives x*5 — a*x =0, of -= o, 
and the Determinator B C gives ay*— 6*x=0, or Jy - e. 1 
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ITY crous | ARITHMETICE.. 
. * being 


is couched'on the Line without x. - _- 


"Pat if x is ſuppoſed indefinitely. little, the h the Equation is reduced to ; | 
55 —ax=0, given by the Determinator B C, which | is an inferior one. | 


in whe) _ 28 oy of e Ab aca Eee 
| 1 nite t, E* tion peek to. 
5 ** 42 5 = o, Given. by the eee AB, which i is a e dne 

when the Triangle is couched on the Line without 7). 

But if y be ſuppoſed indefinitely little, the e will be Ss 
to 4% — 4 =0, and yy — 4 o, given by the Determinators 4 C,. 
8 C, Which are inferior ones in this ſame Poſition of the Triangle. 

Lxxx. 


2 5 


Let r e. THEATER eexat+ ; So, 
be propoſes. . wag fer= 


** 


After ks 8 the Triangle. 
with Points, and converted into Aſte- 
riſks the Points which correſpond to 


the Terms of the Equation, it will 
pear that all the Aſteriſks may be 


ap 
included in the Pentagon A BCP 2 
there are therefore five Determinators, 


tions. 


5 15 


. Le eee a5; 192) e 35 


88 oxy . 5 =0, or, dividing by x a, *x+a=0. dl - 
CD gives x* y * +cx*=0, or, dividing by I ee | 1 1 


Drees. +20: =0, or, dividing by ce, E —==0.: 8 e 


„ 


And EA gives eex* +f*. = 0, or, div ividing by TA & * ＋ 2 e 


„ OR FO. 


I * be ſuppoſed indefinitely great, the Triangle being couched on the 
Line without x, then C D is the only ſuperior Determinator. Wherefore 


this Suppoſition reduces the Propoſed Equation to yy Sexo. 
If x be ſuppoſed indefinitely little, the Triangle remaining in the . 
ſame Poſition, the inferior Determivatots are and _ which give the 


* — 
3 


ſuppoſe indefinitely great, the propoſed Faquation 10 1 
js reduced to thoſe two & & + 4 os ang x y—aa=0, given by the 
ee ee AB, AC, which are YEE: . when the Triangle E 


Which * the five n W 5 5 . . 9 PER 


% 1 I > 5 
* 7 - 3 
». JJC 0 E — 
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£2 Let, E, r, 7. &c. expreſs 
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— EY ni 106 Cells, n i 
7 25 t ſs throu £ than two wo , e 
Ge enden Z 4p TR Q Fo win the 


ns” 9 1 5 Te 
ba e uation it gives conſiſts of more than two ers, 
wu be reſolved into feveral fim Coors EL . „ the Determinator 
reel = =» at. 271 51 +24, . 
at: " thro'the Cells x „%% , e. it with ire 
4 »þ/ 441 140. wn er 
Reeteef | ge . * +c x 5 7 9 71 57 8 & c. =0, 
ves by — in which Equation, the Terms correſponding to the empty Cells 
R haye their Coeficents 4, b, c, d, &c. = O. All the Terms of | 
1 ENDS FC 
this Equation being A by & 7. vit may be reduced 3 17 
3 440. 34 aka : 
4% 5 ＋ : TOP = O, or ſüppoüng * Bs E, to 


5 24352 ＋7 er ae Rear 2 3 Equation; 4 l 9 


s of 


be reſolved . whoſe Feng gx THI $15 Os, 70 &c. 
4 
That Fea wo fag 3s 5 „re * 2 e 8 which are 
Hand ae eee * Dt ; 
ta R A = £7 Bren dec. i or "ile to 
apts I. 24155 114 . 114 whit 
r e de. 
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1 cow's AKT UWE TICK. EC Op 
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r gs LD. F Et EE 3365 

5 8 8 =, £8. 2 _ 2 F N 5 Ib * 3; * 1 155 71 117 4. 1 ee 5 5 
wi Thoſe Coe 2 bn, ys RY .of the Equationsy=R 2100 ver * 

5 „ &c. may be imaginary, they are all fo, when 

Wy % 

5 twf ab 2 eSATA, & c. = o, are imagi- 


| - nary» which may lathe as often as the Equation is of an even Num- ny Anne 

AN ber of Dimenſions, when the compleat Nambes of its, Terms: is odd, '7- 

. e wt Faller through an odd Number of Selle, reck- . 
9 ing, dom the: full 


Cell to the laſt. But when this Number of 

e . uation a+5z +c 2.2, &c. = 0, being of an odd 

umber of Dimen ns, has at leaſt one real Root. And in parti- 
cular its 1 cannot be i imaginary, when the Detetminator traverſes 


cular its 


7 two full Cells, which are in two contiguous nn or Een | 
lum Ter ih tn Cate; 66 Bümtiun Wig e's „ L „ 0 


& or ! - being equal to Unity, an gegen of dhe | Contignity 
of the Coluinns) we will have 5 0h or tbe 72 = o, that 


2 3 1 a | 
r oe yun Fs - N. 
7) nar On OTE, LXXKIVE. he 3 ts 3] | 
"I e en, | IT. . 

2 en nay be realyand — 5 

ape, Facets 6 bf —1 : 717 1 5 pines 
„„ c. nevert imaginary, "On 
imaginary. A Root is ſaid to be baff Imaginary, ſuch as / ax, ol 


when is poſitive, and imaginary: When * 1s; negative, and is ſaid-to-be 
entirely - imaginary, as —x x, Which is . imaginary, whatever: Value 
poſitive or negative is given to x. 

Since the even Powers of a poſitive or negativr Root, are neceſſarily 
pbſitive, 'but the ddd Powers Are poſitive, ik the Root ts pobitive, and 
negative if the Root is negative,. it is manifeſt that an odd Root is al- 
wa ys Teal, Whatever is the Power of the Quaatity whoſe Root is extraQ- 
ot but that an even Root can only be real when the Power is poſitive. 
Therefore it mis Power is an even Power of à variable Quantity, the 

even, Root will be real or imaginary, according as the Power is taken 
one! Neo or Ne egatively, that is, according as it is affected with a poſi- 
tive or — lie CCorficevit, but if the Power, whoſe even Roat is extraQ- 
ed is an odd Power of 6 9 . is half imaginary. 


Thus in the Equation 3=R x Re > if is an-0dd Nun. 


"Dt. Ho 
, thoſe Roots. the other decreaſing, when the Ruler approaches one of the Sides of 


4 7 7 
7 PER: y is. FO 4 2 PE Quantity, but if I is an even . yis bale | 
_ ” Imaginary, & being odd z and & | ing dion 9h is 1 . Ni is N | 


EI EM NTS 0 


. 1h ws oat . is negative. 
1 LxxKTY. EY 1 1 - 9 8 5 
W. are further to pg with rere to te Exponent — T.; of. *. 
, „ —& 11 


5 * "Rr Equation 7 = ER x given by the Detergianior: © 
10. That it is nexntive, wheh} and I have the ſame Sign, which 1 
when the Arithmetical Progreſſions m, 1 4 m 21, Sc. n, n +1, 
„ 2 J. c. of the Exponents of x and o Fa in the Terms which are 
under the Ruler, (Art.Lxx1.) are both increaſing or both decreaſing. Then 
the Ruler recedes at the ſame Time from the firſt horizontal Line, and 
from the firſt vertical Line; it only cuts one of thofe two Lines, or 
ſets out from the Point of the analytick Tante, In this Caſe 2 42 


5 poſition of e great, renders y=R pg Ar W Fa 


147 
indefinitely litle, and the Soppoſtion 0 of * indefinitely lite, renders 7 
indefinitely great. 


4 
22. That this Exponent 1 is bende, 5 1 and & ike > Sy 


22 Signs, which happens as often „ of the two Arithmetical Progreſ- 
= ſions m, m E, m 21, Sc. u, n+l, n+ 21, Sc. is increaſing and 


the Triangle whilſt it recedes from the other, when it ce them 
5 rin any where elſe, but in the Point of the Triangle. 
In this Caſe, the Suppoſition of & indefinitely y great or indes - 


| 3 1 . 
/// ³¹¹w- . indefinitely | 
great or indefinitely little. They are of the ſame Number of Dimenſi· 


ons if 7* =p if k= - if * Determinator is equally Wai to che 


1 L But if. oy > 1, if 1 if the Determinator i is more in- 


lined to the vertical Columns than to the horizontal ones, retrenches 
a greater rl the Line without "Ys than of the Line without ; * 
| 5 N 
then y=R- is of a higher Order than x, and of 4 lower Or- 


der tan ay 1 0 if the Determinator retrenches s 


* CS; 


- 


5 e srrelovs ARITHMETICEk. ä 1 


l Portion of i the” ide of the "Triangle without 7 than of the Side _ 


without . 
5 If CI 2. 05 which happens when the Determinator is bn. 


fi | nt CERT, 85 
let to the Line without , then y =R N is e to 
2 R „ N 75 re x being ure indefinitely great, | 


Kine * finit Values for 7. 
49. And for a ſimilar Reaſon, N 2 the Determinator 3 is parallel to J 

ET a Side of che Triangle without J», reduces I to oy it is obvious. — ; 

: 3 being er indefinitely great, gives for x _ finit Values deter- 


— 2411 05 


mined by the Roots of the E. pation | . _— , + 32 7 8 423 | : 
414 1421 2 i . 
+ex . MF 1 Fo "bs; = % . ſince I =o, i is reduced, by di- 45 
. fo 2k a „%% RN 
viding „ 7 0 4 54 6. »&6.=0. , eee 
Lxxxv. 


Thole Parivalicy reſpeQing the Method of Gndir ng the 38 terms 1 \ N 
an Equation being premiſed, let the Value of 7 deduced from any pro poſe + N | 


| Equation si g x and y be expreſſe by the Series i as. Jer D 5 fc 
in which the Exponents, 6, i, k, ln, &c. increaſe or decreaſe accord. 
1 as the Series is an aſcending or deſcending one. A. B, C D, &c. . 15 
are the Coeficents of the ſucceſſiye Herms, and as it is poſſible that | 

one or other of them may vaniſh with all thoſe that follow, it may 
- happen that the Number of Terms of the Series is MIR and then, 1 it 
expreſſes the the exact Value of Wh | i 

. Lire, 

To bs as many Forms of the Series as you 3 1 
thus. To find the firſt Term. Su ppoſe x indefinitely great, if a de- 
ſcending Series is required, but indefinitely ſmall, if an aſcending. * 55 


is required. This Suppoſition reduces the Seiler to its. firſt Term . : 
for if the Series 1 is a ene one, the Exponent bis greater than, 4 l melt. 


on of the 


wo h Sc. and * being ſuppoſed Ts great, the Power ” is inde- ſucceffive 
| i terms of 2 
 Gnitely | greater than the others 4 5 X » X »&c. (Artzzxvr) which may ue. 


: be neglected without Etror, and if the Series 1 is an aſcending one, the Ex- | 9 1 
8 is the leaſt, and x bs — mall, ebe Power * will = 


= 


TE = br 1 T 6 0 3 I * $2 oF. | 
5 * : 5 


_ omike Ae eee therefore tely + 
> ei in a deſcending wit bay af oy —_ ay uk 2 . an a 15 


| ending Seires, reduces, it to SLE ag But thoſe fame _ 
oduce ibe propoſed Equation. to, one. or keyergl AFquptions, i 


bees ps ink Depraners (pt ra 


3 Fe 4A * e Fs the; Determipgtory therefore gere 


. 10 determine the firſt *Ferm of the Series, or Series, when 0 propeſ- 
e, Equation furniſh ſeveral. 
Tune following T erms are found "= the ſans Manner. Let 1 er- 
Jy ; 

a the Sum of the Terms Bx + Cs be, Bf. mhich le the 


3 
Fit, conſequently y = Ax + 2, this Value of Js ſubliituted i in the pro- 
| poſed Equation, transforms it into angther, including the variableQyan- 
a Maes 1 and x; let x be ſuppoſed in this SI indefinitely great, when 
8 the Series required is 4 1 Gd iodefinitely ſitthe, when 
5 the Series required is an aſeending one e Th e.Mupexior or in- 
. 4 ferior Determinators will give one or ſeveral yations, fuch 25 


16 I 


® N (Art. 1.xx1x;) | but the ſame Suppoſiions of * inde 
Fey put or indefinitely wel, reduces the Series v = 1 1 cable. 
to u=B be 3 therefore B Wy i ones the Peter- 
 minators of this firſt mask Equation willy gi the e ſecond Term 

: . 35 1 a nem the Equation mes Bi + 5 where 7 | 


expreſſes all the Terms C. 1 &e. Which follow the ſecond Term 
© the Series; and the Determinators of this Ar transformed Equa- 


tion will give the third Term o of: the Series, and proceeding after 

9 5 the ſame Manner, the fourth Term v mul be obtained, — the fo] loving 

BS Terms to the rf if the Number erms js finite, or at Ic 
muamy as the End propoſed may require,” * the Number of "Terms 
. g. — ae. e 5 . 


. * OS 
Po. 


: 1 ® 
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spRolous ARITHMETICK. 


- But we are to obſerve in the Courſe of thoſe Operations, that the 
8 of aſcending Series require that the Exponents of x ſhould con- 
- tinually increaſe, and in deſcending Series thoſe Exponents ſhould con- 
tinually decreaſe. Wherefore, tho at the firſt Operation performed on 
the propoſed Equation, all the ſuperior Determinators are to be taken into 
Confideration, to obtain all the deſcending Series, or all the inferior Deter- 


20 


— 


minators to obtain all the 5 In the ſubſequent Operations, | 


no Attention is to be paid to the ſuperior Decanting which will 
the ſame or a greater Exponent than was obtained by the precedent . 
ration, nor to the inferior Determinators which will give the ſame or a 
leſs Exponent than what was obtained by the foregoing Operation. If 
* there are no other Determinators, the Courſe of the Oc] is figiſh- 
ed and the Series is ended, 


LXXVII. _ 
Let the n 253.— * „ 4 x3 =0, 5 
"© propoſed, . and let it be placed on te EE Tus 
analytic T riangle, and this Triangle being 
' couched on the Line without x, there is but e 


one inferior Determinator, which, paſſing thro? ET 8 = 5 
the Cells y3 and x3, gives the Equation / | 
2 5 — a x3 = o, or y = x, which is the 


WE Term of an N Series, To find 


the ſecond, I ſubſtitute x 8 1 for y, and the Equation will be RED PR 
into a & ＋ 3a Y +3auusx+au3 —xt—x3yu—ax e, 
or 3 a + Zauux+ aus — * — x3 u= o, which being pla 
in its Turn on the analytic Triangle, gives two inferior Wan 
one which paſſes thro? the Cells u3 „uu⁰,ꝝ, K* K, 
is to be rejected, becauſe it would give A Rx, 
this ſecond Exponent of x being the ſame 
as was found by the firſt Operation; but the _ 
bother Determinator, which paſſes thro' the Cells 
ee ee ee 55 


or 12 which is the ſecond Term of the 
Series. IG thirdTerm will be found by ſubſti- : 


uting = = + t for u in the foregoing Equation, 
Derbe uten K Ls +2 tener ges 
+= + 2 pun 0, or gef + 228 


+ 3011+ an # 4 e Teak 


7 x6. 


27 aa: 


a f 
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How te. 8 
know when 
4 ſeries be- 
comes ima 
inary, half 
imaginary, 
4 


: - - ELEMENTS £ $:: - 
_ whic dana Triangle, 9 8 
one e =R x, and which 
conſequently ſhould be rejeQed, but the 
other inferior Determinator which paſſes 
Ws i 06 gives the. — . 
gatzx+=— =0 er =— = 5 


which is che Wr Term of the Sies, r 


3 5 


8 | ” = * . 1. and u FRE Ts and 1 
5 | Xx os : „ * 
12 ge benee g= {Eph c. e 
the Law of the Progreſſion of the Terms being ide „ 
/ LEXEY HI. 
Let the Equation yy — 253 + xx.—.2 83, + +88 =0- be 
; 25 lication 2 from whence 1s to be deduced pe V * 25 zip s * by 
„ os an aſcending Series. 
. Equation gde on the. analytic Triggle a = 
example. ] gives but one inferior ah iched on the 5 5 
| | without x, which gives 55 — 2 25 + a8s=0, Which * 
| Has orily one Root, but double, y — g = o, or 2 243 b 
. 2 + u being ſubſtituted , gives the tr ed 3 — 4 — 
2 * _ Equation za ＋ 22 f 2 4 K* — 2 T＋ * * 


ee 


riangle, I > but one inferior 
IRE e Se 
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a $M os 


* 1 e 1 = 21x f o, Which 


122 124 


4122 1 ＋ 4 


| 10 on the e e and as two of its s Terms yh 22 . 8 


let 1 4D placed- (as N "Aft. LXv.) 152 5 


between the Cells f & or f, and ? *, and the ſecond in 


the firſt Column between the Cell & and the Cell “' 
55 there will then be two inferior Determinators, one paſ- . 
2. 


tween two Cells; viz. the firſt in. the ſecond Column 


1:% 1 
ſing thro'tt and 7 -Siving? R. * is to be * as having the ſame 


erretevs A + fan 3 


| ; "the other Deter 

„ : „ 122 ö „% ˙ 
Cells Fat gives 2a + 29 VE: = 0, 1 
or r , and ue Gg g cent ee „ 


To obtain the fourth, & H -'isto be ſubſtitutedfor tin the laftEquation 7 


4 n 1 e 1 5 . FR 
+29. 1 + tf a x: __ —21# + o, which wilt. ICS 
a 1:2 ie „ „ Sr 14 <p” | 
Carer” it into +22 e + 3 a 4 + $1.9 * £2.14 
1 2 . 58 | | 
+:7Þfo IM; "Lis 2=#/x + ox =o) =; into. 
3 KEE. N 0! thoſe Terms being placed on „„ 
5 the analytic Triangle gives only one Determinator, which Te hs "My 
gives 1 Ph » this Exponent being. lefs than the Ton 4 VEE. 


precetling one, is to be rejected. Hence the Series is ended 4 9 


for Y = a Fu=ankty/ax+t=a+ S ax+ x. _ 

On examining what this laſt Determinator gives, or its DER 
12 1:4 

28 ox: .. 0, we will find it has two Roots, I LY 


: L: 28 
a c terminates the Series; 29. 5 x "= : 


dere the exact Valve of Jo. 150 b 5 8 75 ebe Tos of ? 


away the 3 
in zrmed into the propo {+ 
- 4 * — * FEES 


| L xvi 1 : 

"Wi to be obſerve 36. that ie aß nbi fie the Ah 
"Ws Determihators furniſh, - there be A aw _ We Roots ate 
all imaginary, the Whole 2a which the fi rms ſeethet” to an- ch 
noünce will become imagi for olle imag 28 Tea ones the 
whole Sum, of which 11 is a lin „ Imagi inna Els whit is nary 
in one Term be deſttoyed by whit i eie in ander Ter Which 
cannot happen in this Caſe, where in each Term has a different Ex- 


nent. 


ap 
o he fore- . 


-. 29, That if among the Terms of 1 there be any which are half 
itha gffiary,” the Series is half imaginary; that" is, imaginary 1 ere ny is ene | 


poſe negative, and real when & is ſuppoſed. ſitive or reci 
„ 5 That if e qurivs which RP cer die abe 
5 five Terms of a Series, chere e found any: which" have ſeveral real. Roots: 
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E 5 = $15 a 5 — f 8 * , : — 
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% > Sree : : 
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0 then the Series 1 1 as * were, 1 is enuliplied into as « many | 2 
ED Series. as there are real Roots, . nene CV 1 


A Letthe Valueof yin», expreſſed by an aſcending Series TO 5 1 5 . 1 


e deduced fem & ＋ A ＋ * 7 ä = © 
3 20 ina; be required. N a „ . . 1. 
_ hey ls. This Equation placed on the analytic Triangle . | i 
= couched on the Line without x, furniſhes but one in- „ . 0 | : 
= _ - rior Determinator, | which gives the Equawon EL  þ 
_.. a4 = 22 5 180 a3 = ©, which has only one Root, 507 „ 0 f . 5 
| but double, iz. y — 4 o, or y = a; let then = 
t and ſubſtituting this Value of y in the propoſed Equation 
= fit will transformitintox3 TA D aun O, y 


= | which being placed on the analytic Triangle, furniſhes 5 0 5 
bdut one inferior Determinator, Which gives re 


22 e = o, whoſe Rooty = 2 · are . . 

+ . . Imaginary; conſequently the Value of yin x cannot 1 
: be expreſſed: by an aſcending Series, becauſe the only . . 0 ST 1 

one which could expreſs this Value would be 5 
. 'F='s 92 1 =a 1 — * x, Kc. which i is ima- . . © 0 | - 
t the Equation x* 7 2 245 axx=0. F ; 
: x, be ate from whence is to be deduced the Value : ! : 
+ Ay in x, expreſſed by an aſcending Series. This „„ | 
uation being placed on the analytic Triangle, fur- © i A 
niſhes but one inferior Determinator, paſſing thro' | ; z 

WEED. - the Cells y Js & y, X x, which gives the Equation WH oo . 0 . 
OT e 2 —2axy + ax S o, which has only one 8 
Root, but double, y = x. Subſtituting therefore * „ © 0 n 
x ＋ for in the propoſed Equation, it will be 4 
transformed into x3 + x* u + au o, which being placed on the 4 
analytic Triangle, furniſhes but one inferior Deter 5 3 
minator, which gives. the Equation @ u = x3 = 5 | N „ 0 | c 
= neh hastwo Root n = + 86nd > —=> B mw „ * 10 
. 8 | i I thay EE 3 5 n 
| | ſubſtituting bf Bot =. Xx . CY . 0 / N 
5 for win the firſt transformed Equation, thy 1 '. . .  þ | 
. 5 22 | 12 : 
" e e Stxxaa, xx" + « t 55 7 
„ „ | . 0 

| 7 F | - . » 


. which being placed on the analytic Triangle; fur- 


mor which gave the Equation * Ic. = - 3 


4 25 n= 3 1 e * 
8 | 8 „ drow ty ws © A x. s + cc. to 4 x > 
„ 5.T oy LD 1 
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e $PECIOUS ARITHMETICE:- 


; niſhes two inferior Denne one uſeleſs, be- e 4 2 | 
"ITS: > 8 e "YR 
cauſe. paſſing thro? the Celts t ts * Lin gives | e 
Te SS | 8 6 0 4 
” be I; he in BS as 55 > 
in the precedent Term Dy the other paſſing thro? _ 0 0 © © 
; Te „ A *. ; 
bl and x gives the Equation . © 'S „„ 
. 472 „ i dt PTS To! 
X28 . 4X * „ n 
wherefore the chree fir Terms of the Series are x +/ „ 


From the Inſpection of which it appears, 10. that che Series is ima- | 
ginary, when x is ſuppoſed poſitive, becauſe then of Dis « an imagi- 
nary Quantity ; - but if * be ſuppoſed negative, the Series is real, andthen  _ 
22, The Series is double, becauſe the Term / — = has equally the + 


8 
Sign + and the Sign —, the Equation a +:x3 = 0 "which furniſh-. V 9 


x3 


| 22 
ed this Term, having two real. Roots u = + of. —= and = 7 - 
wherefore i in reality there are two Series, the three firſt Terms of one 3 


x3 $3 ĩ „ EE 
e other = — . — ru ö 
8 3 


| The a Method being attended with MOTEL Calculations we ſhall 5 
now proceed to explain how the Analyſts have abridged them. 5 


We are to obſerve, that the Subſtitution of A x. Is for y(Art.Lzzxv1 W Manner the | 


in any Term of the propoſed Equation, transforms: 1 it into as many Terms me of 2 


e den | 


as there are Columns, from the firſt to that in which: it is placed inclu- ed equation 
N each Term being placed in a different Column, and all thoſe are placed 
Terms being ſituated on 3 45 ſame Aren Line, . 12 W in the an- 


nalytic 
3 3 OO 


1 args ow + 


For the Power n of » + A's being +nAxu FI ö 
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or the 10 ren. which being ſublicted for n in a x Term a * 
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4 2 1 5 7 1 
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| 4 F: 1 alta the Celli in a the pared e 5 A, oe 
; in a. Column preceded by 1 oltiets; that the ſecond Teri * 1 MY 


* mators; firfft an Horizontal'one, which paſſes 
_ thro? the Seils . . and-x* , which gives 
for y a conſtant Value (Art. Lxxx1v.) & which 
may be expreſſect by A; ſubſtituting 4 ＋ «for y 


nin ſhe propoſed OE it 55 5 be transform | 
ed into A* x 2215 1 K* F e + 4 a „ 5 
; 103 BP eut5 4 5 1 ES ALLELES IG 
| ape, that the Ternis Hh 
| > 8 
4 — 
5 e 
s 23 ha has given” one to ach Sent „eh een it, 
5 and thoſe Terms are on an horizontal Ray thet is, _ to t 1755 5 


0 eee Order m + 1 being of the Order 


2 p phace®in © Colomn preceded by n N 13 r it into. 5 ö 
5 „1 a—1 ; 1 55 7 . N 2 * 
„ =: = 4 x e. 16. 


5 ghick « are all of the ae vi % Bit uu tte Teige which ate df the 


72 27 en 0 or 


me Order, ite ard in 4 right Eine, gg to the Determitiator 
into r e are d Line * 


; 25 oo 
« is in 4 Column precedba by * f Colüntts; ; that the third's — | 
235 
is in the next Golumn, and fo on to the laſt ＋ * 20 which. is in the 
firſt „ot in' the Line of th Powers of #. 
Thus when the. Equation x* y* + 25 V! 
14 2755 +cx*y+ddxy + x=0 is NY . 
on tlie aal Triangle, . DE” 
the Line without x; it will give four 0325-4 5 
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*) siven x' 7 3 : 
5 x 
5 8 


| and 85 acing the tramformed Equation on a the analytic Triangle, it with; 
appear that all the Terms into which a Term of the propoſed Equation: 
| had been transformed, are placed in the ſame ſtraight ler parallel to the 

Determinator, which gave the Equation y = Ax * the ſame Thing may 


be yerified with Reſpect to the two other Determinators of the prop 0 | 


Equation; the third paſſes _ the Cells 55 and æ, and ig an - 


tion of this Form y A Pl 3 ſubſtituting therefore A 4 "+ 7 by 72 5 


2; . 
and the transformed Equation. will be 4* x "+2 Au x WE | 
23 „ 3 
Na * — Fu 4 x +34 aun +340 u x + au + 
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ELEMENTS. or > 


fo ee being placed on the anal Tris e, it 
per that each Term of the propoſed Equation 282 ge, 2 


* 
> #4 2 


Column that precedes it; and that thoſe Terms wY = a ſtraight 


| COT 420 the Determinator which gave y=4 « , but as the 


ent of the Order of y is x Fraftion—, it was neceſſary, in order 


to ee thoſe Terms, to divide into three equal' Parts the Intervals of the 


3 | e Cells in the ſame Column (Art. Lx xv.) 
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Finally, the fourth 9 of the propoſed Equation paſſing thre 


Fx yand a, zives = 4x , , and the Subſtitution of 4x +«fory, 
© changes. the propoſed Equation into 4 ＋. 4% * 1 4 “ 
. Ha x '+3 ow "+34auus_ „ 1 1 


. x Aer + cu x* F Add * . 


5 n. the Terms 


F * 2 the : 
: IS 
1 by 1 — 
Fes 1 
* — 
* 
- - 
5 * 
— 


8 88 Rule is bend but as the dre 8 "BY 1) 


of the Order of , introduces Terms in which the Exponent of x is nega- 


tive, it was neceſſary, in order to place thoſe Terms, to 1 the Tri ri- 


Angle below the Line without x (Art. Lxxv.) 


XCIIL. 


Thoſe Examples ſhew, that when ſeveral "Terms of the VAT. ed b. | 


quation are under the Determinator, or any of its Paralells, or are of the 


e Order, they are transformed into Terms, which ranged in the ſame 


t Line, ſeveral of them ſometimes lodge together in the ſame Cel. 
us in the foregoing Example, if the horizontal Determinator be 
| employ, the TOs” ** * * Js were under this Deter- 


5 3 were transformedinto x*u" (2/4 +5) x* u+(4*+Ae)/#*, 
and the Terms d x y, dd x, I A, which. are under a. ſtraight Line, 


＋ 1 4 * 1 c. the Tomb plas” RY 1 
; Th PE 2 1 3 . RA | 8 # ' 12 ANY 77 | A 


SPECIOUS/ ARITHMETICK. 


parallel to this Determinator, :-have-given.b.x.u? + (2 4 + d a 
* S AAA) x, which are {till under the ſame ſtraight 22 


2 op 2 . 
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a he efore, when there are ſeveral Terms of the ſame Order, as 8 . 


bet 2 1 ome Al, RE 9 


2 "1 +bs_- 3 2 en 1 i; 4 5 Kc. continued, to . 8 777 9 7 


which are all of the Order m + 1 7 ſince y SA. Y is of the Order 2 * 160 


| the Saban of 4 Fa + u for ꝙ transforms i it into a Series of Terms, 


N— witty ated e 5 | 


= + 
uch a Pe e „ N i dee c. 
ani 2 op; ek which alſo are all Ke Obe ide in es 


the Exponents of x form an arithmetical Progreſſion, the common me 


rence being i, and the Exponents of 1 another arithmetical Progreſſion, che 
common ifference inn 2 
The Cotficients P, J, R, &c. of thoſe Terms, may be calculated 5 
FI NPIS Rule, derived from the ING Conſideration: : The Term 
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65 5 , Ke. the Term Fed 35 
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OD TOI * Wa 8 n — wk . ES nat pI } 


4 * * n Ro Mays e . , te. 


S ar, OR 
"is trandfsrmeCinto « x Ly e „  +(==—a4 - 


3 * 2 by 74 2 . LE | a 3 
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4 K 75 * * ſubſtitution of u +4 x 5 5 7. is transformed into a "55% op * 0 
"20 2 | 9 * 2 * — * © 2. 5 n 550 £10533 . bee 2 45 el ods : ED 


. ELEMENTS. or 
ee 'Weoite in the «a Line all the Terms ofthe: 2 ov even 3 
3 of whole Rs inguiſhing, for Conveniency , ers of its 
__— eee Terme, c „if you — y into u; I fay if you pleaſe, for it will 
” - - formation he found 1 ial, Nha, ie will be more 'commodious not to do it; but 
I then it mull be obſerved, that y, which denotes before the Operation the 

ing the white Series, and during the Operation its firſt Term only, denotes, 

1 of a during the ſecond Operation, the ſecond Term, and during the third 
Mp e r the third Ferm, &c. Having wrote the Gen eig Equa tion 
1 | in the firſt Line, and ranged the Terms according to their n Or- 


7 


. ders, 3 "ach Tem by the Exponent. of 3 by PL f and 
* 5 divide thoſe Frodukts by y, and this will give a ſecond Line; multiply 


ech Term of this. ſecond Line by balf the Exponent of » and by 4 5 
5 _ e 3 An third Nr will 828 Fach 


x a divided. by u. 1 give a a fourth. Line." Ard this cn 


= ntinued. umil "oP remains: but Terms without » ; then the 
3% ofll thoſe Lines will the transformed Equation. - . i 


ICI. 
3 ia 15 Benden of 3 Article, if we employ t the hori- 
Es ron Determinator, which gave the Equation 'x* ＋. y o, 
en or y = c, there * 1 N I and * = 01 and the 4 85 
thod ee 28 is * ni | 
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2 e 7 J gage hich te ' ſecond ; 
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SPECT 
If in the.ſame Equation we would employ the Determinator that paſſes 
ate? the Cells « * i and f3 *, which Br == 4 e Application 


vil ts performedthn: 5 


m. Order. w. Order. another 


1 39 "ob og, 


H. Oder. ; 
> © : 1 Py 
2 - * To * * * 25 * 


|  Whence hs: 3 277 8 c x* : y- — 0 e HE 
EET : eee 
a 2 a y3 — 2 — op 222 — n 4 . o, in which the ſecond. 


Term  ſappeas. | 3 
| N My „ 


Ty * If ce Sum x 3 % 4 bs ry „ * Kc. of ge fe 
A erms of abe ſame Order whatever, is diviſible, once or — Times, by of the - 


terms o 


1 14 £ „which is the Value of u, uy Sum of the Terms into which thoſe 
ed equa 


* is transformed by ſubſtituting 1 + Ax * fol 9, is allo diviſible. the ſame 
Number of Times, by %, becauſe thoſe two Sens ap by weir . 
Expreſſion. os the 3 of the transformed conſtitute a Serves 


trans form- 


a 


| (Art F ea — R r .“ͤ ¶K i . 
Th. cin. 13 . „ * 

5 & : +2 m + -=) 22 "+6203 | 

terminated 7, the Terms + X M. u. + I x: i We 

: + 2 Fg 1 This 8 be diviſible e the la 7 4 

0 — * —.— =, it cannot de divifibte. by : 1 % N $ the 

two laſt Terms and Z be = ©; it cannot be Keil $268) 


Times by u, unleſs I. L. and Z be = 0. In general, a many f Times. | 
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5, or rather = 3 
| of this Order are wanti 
for thi Terms Z, 


transformed in FN. Get Celumm, 
are placed in the firſt, Room, third, &c. Columns. e ; 


8. on ene we the Roots 
- \Determinator, y. — 4 x divides FY 


this Determinator ; "conſequently, in the transformed 
the Term corre 


2 
"a FL 


Equation is neceſſarily 
where the Determinator cuts the firſt vertical Line, and in the transform- 


ed Equation, will be wanting the two Terms correſponding to the b 


or cuts the Frſt aud ſecond. Column, if) — 4 95 . 
mY _ divides the __ of the 'T erms which are under the Determinator, twice, 


uation which this Deter- 


1 —45 S o be a double Root of: the 


25 1 

m minator furniſhes ; but if y — n Do be 
tony: in the transformed ED will be wanting the Terms correſpond- 
ing to the Points where the Rane Fan the three firſt Columns, 
and ſo on. a 4 ; 1 


* 


r 


ing in the 
A, &c. ate choſe 


* We * *. 
2 S ” 


\ pv: | 


the Sum of the Terms 
ponding to the Point 


e Root of this Equa- 


is & Fx . 
. 2 E 7 2 9 3 2 5 2 * Th 8 5 i wh 2 
F 2 


„„ sPEOCIOUS ARITHMETICON. 1 
b under this Determinator will be wanting. * the Term which 
ſhould: occupy the Cell Qin the firſt Column QO, at leaſt the /Term 
ꝗ in the ſecond Column will not be wanting. P ꝗ is alſo a Determinator CC 
of the transformed, for all the Terms of the transformed are below (or 
above) thoſe under P q, as were all the Terms of th@propoſed Equatirkn 3 
(Art. LX XVI.); but it is a uſeleſs Determinator, becauſe P q bein rt 
| ef PQuhas the ſame Inclination to the Lines and Columns Tele „ 


Vhereſore P. © having given y = =4: 43 Fea, will rive u = 
» 1xx11.) conf =—_— having Ke he Determinator F ꝗ is 
uſeleſs; but dm the Point q there parts another Determinator which 

_ paſſes thro' the higheſt or loweſt full Len of the firſt Column = Ip and 
termine an e 1 more the e MONTE Fi n Ser 
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But ify —4x Z o be We fo Rot of ik Bali furnifhed 6 by #7 8 
* N PQ, for Eianple, a triple Root; then in the trans- n — 
formed the Cells Q, 2, remain empty, and the De erminator P q is 5 of 2 
terminated at the Cal R 2 on the fourth Column, it is uſe clefs,. for dhe ſeri ray are 


"Reaſons already given 2 employ this Determinator. But there' 11 5 8 


73+ * : 


another (R C) 1 the Cell R, Which may terminate in 'S at the 
Column, and this is the ſecond Determinator which gives; an Equatio 
by which the ſecond Term of the Series will. be found. OO OOF... 

It may happen that the Tegm & is wanting, and that the Determina- 
tor RS is terminated on ſome other Column than the firſt, as in T, and 
then' this Point T gives riſe to another Determinator TY; and if this r 
does not reach the firſt Column, but is terminated ober, there parts * |... © ꝑ ü 
from its Extremity another Determinator, and be b from that ano 
. 888 to that one WIS. is s terminated on Nag, Column, Eck "mm 


r 
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5 Fi 


w to 


+ - ne 


a ſeries 


de- nator therefore of this transformed will part from the Cell T the higheſt 


„ 
one Root, which will certainly be real; and then the Series becomes re- 


v4: 


et Wee nen eng diff 
lumns, ee Ad Paw dts in the ſecond (or 


third, fourth, '&c Term; w 


e 


minators. F 


the Point R, Ex 


tion which it furniſhes; one of thofe Roots is u = o, the Sum of the 


Terme which are under this Determinator RT being — 75 by u, fince 1 
RT does not reach the firſt Column, which is the L. Without 2; and 


this Root being en to obtain the following transformed Equation b 
ſubſtituting o 12 7 for u, which is effected by vriting f for « in al 


' the 'T — of the Equation, which transformed conſequently furniſhes 


the ſame Determinators as the foregoing one. And as F Rand R T have 
been already employed, we arrive at the Determinator T / in the ſame 
Manner, as if at firſt we had paſſed from P R to 7 J, the Root v = oof 


; dhe Equation furniſhed by R 7 producing the ſame Effect as if RT had 


deen negleQed. It would be the ſame, if the Determinator T // did not 

n to the firſt Column, but was accompanied with othier Determinators. 
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From whence it Fer e how the irregular Terms of the Series are to 

he calculated. I call by this Name thofe which are given by Equations 


which have ſeveral Roots, real or imaginary. But it is ſcarce poſſible 


that this Kind of Diſorder ſhould laſt long; f r as ſoon as we come to 2 
Determinator whoſe 3 has no multiple Roots (or if a ſimple Root 
be employed, if this Equation has Ample, ang, N N Rogts) in the 
transformed Equation, there will be wanting af the Terms which, are 
placed under this Determinator, for Example, R J, but the Term & 

which ſheuld be on the firſt Column (Art. xev.), The Determi- 


lor loweſt} of the. ſegond Column, and will pals thro' the Cell V, alſo 
| the higheſt {or the loweſt). of the full Cells in the firſt Column; where- 
3 in the Equation furniſhed by this Neterminator 7 V, the variable 
Quantit & ger: does not EE the fit Degree, becauſeT is on the 
ſecond 3 is the Line 45 and this Equation will only have 


Sula becauſe all the enſuing K goes parting from the Point 7, 
no Equations any more. occurs which. Have ſeveral Roets; and all the 


. Terms of the Serias 175 be Hage with, a Tag 
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| the Series is forked into as many 
Series as there are Roots in all the Equations given by all thoſe Deter- 


i aa ich,” de it ſuffices to conſider the Determinator R T, 
parts f. of the firſt Deter minator PR 
: which bas been . and to make Uſe of all the Roots of the Equa- 
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| ' Suppoſe a Determinator to be obtained W ation Sb firaple De 
83 mad this ris Rove is em oyed; for greater iy 1 all Gal econ of 
it the firſt Determinator, abſtra ing from all the foregoing ones, if there berm of. 


a regular 


were any; 1 ſhall alſo call the Equation which it furniſhes hs propoſed eee 
- one, altho' it may be one of the transformed ones. Let m expreſs the Or- ſeries of the 
der of the Terms thro? which this firſt Determinator „und let fa 


regular 


54. =0'be » fimple Root of the Equation it furniſhes, Suhſti- terms. 
z wing 4 + for gin the Sum of the Terms of the: Order m, the 


one which ould be on: the firſt Column: add how: 3 we negle& iu 
Cane ne baigge of nn but this Term is-wanting, fince 


545 is ſuppoſed: to divide the Sum of the Fern of be Order = „ 1 1 


[Ars Sent). The Term = . which follows Hith an the ſecon 
olumn, and the Cell which it fills. is the higheſt (or the, oavweſl\. 


| full! Cells of this Column. If m F n is the Exponent of the Terms 42 EE.” ; 
the ſecond Order (the Sign — is for the deſcending Series, the Sigi | 3 8 
for the aſcending Eee higheſt (or the loweſt), Term. in the fir 5 
lum! will be * ; hence the Determinator of this CT why a 
„ Fee 5 


0 1 N | wands. - vill give «= B 1 by 
„ of for the ſecond Term of the Series. | Wherefore the br | 
rence. X nof the Exponents 4 and Fee it Tem N and ef 


* econd Wn et „ of the Series, is the fame avthat of the: enen. 
n and en P. x odthe firſt and ſecond. Order. OL 2 18 | 


Ir all the following Transformations, the Cell „ win ain 
full, 1 being changed ſuceeſſively into t, 5, 7, 8c. and all the: mg 
 Determinators will) part from this Cell to paſs. thro? the higheſt (or the „ Mo 
| loweſt of the full Cells of the firſt Column; they paſs fcehvely A _— 
the different Cells of this Column, becauſe at each. 3 „„ _ 
ell thro! which the Determinator paſſed. is emptied; but Si the gibe = 

Hand, each r meg fills ſome new Cella of this firſt unn. 


Hence when Ba | + is ubſtimatd for. u in the firſt tran nsfo! med! - 
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7 loweſt): hte Full Cells of this Column, will e * 7 chk and 
=. ' thus the ſucceſſive Exponents of x in 11 Terms y, u, ty £ 5 of the 
oe . Serie will de 1 1, „ 2 u, 1 Þ 3 u, &c. in arithmetical Pro- 
= Fgeeſſion, whoſe Difference is n. The Series would have no other Terms, 
Fete were in the propoſed. Equ uation. no other Terms but thoſe of the 
| Orders mand ＋ , all the Transformations, ad infinitum, would give 
no other Terms but ſuch as are contained under this general Expreſſion 


: ISTH 11 is an Integer, or ſometimes = 0). Bu if there bei in the pro- 6 
phſed Equati ion, Terms of another Order, whoſe Exponent is m Ps 


3 5 the Cell x . en” be once the higheſt lor the loweſt) of the Gr Co- 

= lumn; then the Deter minator, which parts always from the Cell 
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The ſubſtitution of B x Kia + t for u (or i FT, . s for t, 15 in 
the Terms of the Or Orders m j n will f fill, in the firſt Column, the Cells 
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_ of y in æ, expreſſed by an aſcending Series, is required. 
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„ when in the Calculation of a Series we come to "thi Rub 
Terms, that is, when we come to a Determinater whoſe Equation bas ms 
multiple Roots, or when a fin Root of the Equation furpiſhed by « 
 Determinator is employed; the cceſſion of the Exponents-ef x in the 
following Terms of the Series are eafily found thus : take the Exponents 
m, M Tn, m+ p, m T q, &c. of all the Orders of the 'Terms of the 
Equation, and ſubtract them all from the greater m {or ſubtra hom 
them all, the leaſt m) in order to obtain the Differences u, þ,. . &e. 
then add or ſubtract from 4, Exponent of the firſt Term, which is given 
by the firſt Determinator, the multiples n, 2 n, 3 n, &c. of the bal _ _ 
Difference; then add to, or ſubtract from, all thoſe Terms ſucceſſively, the toe: 
the Multiples Ps 2 p, 3 p, &c. of the ſecond Difference; and add to, ing confide- 
or ſubtract from all thoſe Terms, the Multiples 7, 2 % 3 7, &c. of the ; ations for 
third Difference ſucceſſively, and. continue thus until all the Differences cuccefiion 
are exhauſted. Finally, range all thoſe 1 4ccording to their of expe- 
: uche. gar ri. the 
. "The arithmetical Progreſſion which begins by z, and whoſe Differ- tem of 
ence is the greateſt common Diviſor of u, p, q, &c. includes thoſe ie N 
Exponents, but contains uſeleſs Terms, unleſs the Jeaft Werd ys N 2 
à⁊ common Diviſor of all the other pu cooper FE 


| By this Rule, the Form of the Sets 19 oheained, ha is, "hi 1 
ſion of the Powers of x which form thoſe Terms; but the Coeficients of 
thoſe Terms are alſo to be found, which is eaſily effected, by giving to 
each of the 133 of x, which enters the Series, an eie Co- 
eficient 4, B, C, P, &c. and ſubſtituting, in the Equation, for y this unde- 

termined Series which expreſſes its Value, and determining, one aſter the 

other, each Coeficient 4, B, C, D, &c. by means ef the complex 

Coeficient of each Term of the e e uation, which are equal 
to Nothing, ſince otherwiſe the Whole could not be * to Nothing. 

ö E 

Let us apply this Method to the Equation 87 2 x5 5 — 43 x* 7 * 
Þ+ 445 * 5 ＋ 2 45 3 45 * +4 yy = 0, ſuppoſe the Value Apglinion 

this rule 

The Equation being placed on the analytic Triangle, there is only one to an 

inferior Determinator, which gives the Equation a5 py y — 3 5 x43 ® 

TAE * * =0, or yy—3xy +2 xx = o, which has twoiſimple 
: -y = x and y = 2 &, in general y = A x, wherefore 4 = "pe 

55 ſtraight Li Nos parallel to the Determinator thro all the Terms 15 | 
of the Equation, it will appear that it is compoſed of three Orders of 

Terms; the firſt, which contains the Terms 45 y , 3 a xy, 2 25 x x, 

thro' which paſſes the Determinator, has 2 for its Exponent, becauſe 
this — ine cuts the firſt 4 in the n of the Cell x*; 


finding the 
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5 dmr the Cells x* 5 and x3 y cuts the 
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* ſecond 1 8 5 
and a3 x3 its Exponent i is 4, 
e 2 ” Line which paſſes 5 


firſt Column in the Centre of the Cella“; | 
dau the third Order of Terms, which inan 
 - compoſed of the Terms —2x* and OT 
Wes Grup for a fimilar Reaſon, 7 for its „„ 
- thoſe three Orders of Term *©=-* ® 
Re and their Exponents may be alſo difcover- 5 
ed, by ſubſtituting i in the Equation for, 


it into 647 —2 4 41 — A a3 K + 445: 4 5 346 xx | 


9 5 5 Aas = o, where it evidently appears, that the two firſt Terms 


are of the Order 7, the two following of the Order 4, and the three laſt 
of the Order 2. Since an aſcending Series is required, the leaſt Expo- 
nent 2 is to be ſubtraQed from the two others 4 and 7, by which the 
Differences 2 and 5 are obtained; then the Numbers contained in the 
general Expreſſion 4 + jn ./ or 1 +2 ＋ 5 is, to be ſought, = 
adding to 1 (J), the Multiples of 2 (=), and adding to al thoſe Þ umbers 
- the: ents of 5 ( 2 „which will give | | 


REL © * EE EE 1, 3s 5 73 9, 11, & c. : 
5 6, 8, 10, 12, 145 16, ke. 
> a7 5 ah 5 1 &c. > 
„ 16, & c. 5 
. 21, Kc. Ts 


f 1 IS ranged. according to their 8 88 the * 
greſſion 1, 3, 55 6, 7, 8, 9, 10, IT, &c. the Form of the Series will be 
therefore 3 = Ax + B x3 + Cx D x5 + Ex + F xl *. &c. 
which Value of f ſubſtituted in Fg Equation: gives 
6 x7 55 FL CCC . 
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. s ECIOUS A RI ITHME TIC k. „ 
Now fince 6 * — 2 25 y* . 54.44 5 +205 xx— 34%, 4+ Mo 
: 1 a5 5 y = o, it follows, that the Sum of theſe Series involving x muſt 5 


| — but that cannot be, if the Coeficjent of every particular Term 
does not vaniſh. For every Term where & is infinitely little, is infinitely 


eater than the following Terms: So that if every Term does not vaniſh Oo 
of itſelf, the addition or ſubtraction of the following Terms, which are 1 
infinitely leſs than it, or of the ing Terms, which are infinitely TH 


greater, cannot deſtroy it, and therefore the Whole cannot vaniſh. 
appears therefore, that the complex Coeficient of each Term * _e 
2A equal to nothing, will furniſh the following Equations: 
2 43 4 4 f. 44 o, or 44—34+2=0, 
8 A* + 4 43 4-3 B+ 2 45 AB =0, FF 

or 44 — 4 A= (2424 4 - 3 440 B, 5 
2243 AB ＋ 423 „F Ck ROO . 
| e radiate” yt * . . 
6 24 — 34 DT Z 4 AD O. „ Ed in C8 
or244—6=(2aa4—3aa) a3 D, HS 7 
— 2453 AC — A3 B + 4 a3 C—30E +2 Eee, 
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ae eee BO=(20* 0 B, 1 
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A= * 1 * . . . i 3 or 4 nt „„ 
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1 the Equation x? — a3 x39 — of Jy =—= A » x 7 Application = 

+a x x = be propoſed, from hich 3 + vi of 7 in *, expreſſed ba bg "0 
by an aſcending Series, is required to be deduced. - © example. 
This Equation being placed on the analytic Triangle, there will be Fly 


00 found but one inferior Determinator, which gives the Equation 
„ as xy +05 Xx = © or 75 —2 xy a which has 
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tuted for y in the propoſed Equation, it will be transformed into 
x1 +a3x3u+a*x* v* a o, which being in its turn placed 
on the analytic Triangle, there are two inferior . one of 


the other Exponent of x exceeds the preceding one, conſequently thoſe 
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gives u — = 4 bt, 5 . 3 52. and ſubſtitut- 


aa 


as u = o, it will be changed into x7 + a3 x6 +a3 x8 + as x = o, 
which, it is manifeſt, includes three Orders of Terms, whoſe Exponents 
are 6, 7, 8, and the Differences I, 2. Since the leaſt divides the greateſt, 
the Succefſion of the Exponents of x will be the arithmetical 1 
K.) So. 6, &c. whoſe firſt Term is 3 (J), and the Difference 1 (a), the 


eee x fitted in the Equation give | 
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are three Orders of Terms, whoſe Exponents are 7, 8, 10 Differences 
are therefore 1, 33 and as the leaſt divides the .greatel 1 Succeſſion 


of the Exponents of x is 4, 3, 6 » Js &c. and Form of the Series 
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: = When H an dderermintate E. ee the Value of one at the — TN 
_ Quanitities ) is found expelled by #*n infinite Series, including in its 
Terms the Powers of the: other e Flow Quantity (x), and it is required 
d find the Value of & in y, expreſſed by an infinite ries, whoſe Terms 


contain the Powers of , this Method is called the Reverſion of Series 
may be conveniently applied. 

Suppoſe we had found y = a* + b#* + c #3 + 

whoſe Coeficients a, 3, c, d, Kc. are known, and the Value of & in y is 

required, If jut o =- +6 „* Fes A d, &c. in which x 
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